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INTRODUCTION. 


Scope.—This paper aims primarily to present a somewhat de- 
tailed description of the pyritic copper deposits of the Kyshtim 
Estate and the salient features of that mineralization. The 
areal geology, structure, and geological history of the district 
are set forth in as brief and concise form as appears consistent 
with an appreciation of the general geological relations. Fur- 
thermore, no attempt is made to give a detailed petrographic 
description of the several rocks, other than that composing the 
belt of schist, which forms the locus of the ore bodies. 
Throughout it has been the object to keep actual facts of ob- 
servation separate and distinct from inference and deduction. 

The facts and deductions herein presented are the results of 
observations and study by the writer extending over the last 
three years, and of work previously done by Messrs. H. H. Knox, 
H. W. Turner, and C. T. Brodrick; and were made in connec- 
tion with and as an aid in the work of economic exploration on 
the Kyshtim Estate. The writer takes this opportunity to thank 
these investigators. In August of 1907, when the district was in 
the development stage Mr. Knox made a professional examination 
of the mining district and before the Institution of Mining and 
Metallurgy in 1909 under the title of “‘ An Instance of Secondary 
Impoverishment” gave an excellent description of what was 
known concerning these deposits at the time of his visit. Mr. 
Turner, assisted by Mr. Brodrick, was engaged in economic ex- 
ploration on the estate during the greater part of 1911, and Mr. 
Brodrick continued his investigations until the summer of 1912. 
Mr. Turner in an article appearing in the Mining Magazine, 
June, 1912, gave a brief description of some of the veins. The 
accompanying topographic and geologic map of the mining dis- 
trict was prepared by Messrs. Turner and Brodrick while por- 


1For permission to present the principal scientific results of this work, the 
writer is indebted to H. C. Hoover, R. Gilman Brown, and T. J. Jones, tech- 
nical directors and consulting engineers of the Kysthtim Corporation; and 
to the firm belief of these gentlemen in the advantages occurring from ex- 
ploration directed by careful study and scientific inference, the writer owes 
the opportunity for making this study: 
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tions of Plate XVII and Fig. 96 have previously appeared in the 
papers by Mr. Knox and Mr. Turner. 

The writer is indebted to Professors H. L. Smyth and L. C. 
Graton for valued suggestions and the critical reading of this 
paper. Mr. Joseph Murdoch, of Cambridge, has given valuable 
aid in the microscopic study of the ore, while Mr. Wyatt, of 
London, and Mr. Zenkie, of Kyshtim, have made the large num- 
ber of chemical determinations which aided very materially in 
the study. 

Location.—The Kyshtim ‘“ Datcha’’® which is one of the four 
“Datchas”” comprising the Kyshtim Estate with a total area ag- 
gregating 2,200 square miles lying on both flanks of the Ural 
Mountains, comprises a roughly rectangular area of some 500 
square miles between the 55° 20’ and 56° 20’ parallels of north 
latitude. The main chain of the Urals courses through the 
western portion of the “Datcha” in a roughly north-south di- 
rection, but the greater portion of the area of the ‘“ Datcha” 
lies on the eastern foot hills of this continental divide. The 
town of Kyshtim is the only railroad station of the “ Datcha” 
and lies on the Perm Government railroad some 100 miles S.S.F. 
of Ekaterinburg, which is the industrial center of the northern 
Urals and three days by express from Petrograd. The copper 
deposits are confined to an area known as the Soymonofsk Val- 
ley District in the extreme southern portion of the “ Datcha”’; 
some thirty miles south of Kyshtim and connected therewith by 
the company’s narrow gauge railroad. 

Climate and Vegetation.—The climate of this portion of the 
Urals corresponds closely with that of northwestern Montana 
with temperatures ranging from a maximum of 104° F. in the 
summer to a minimum of —35° F. on the coldest days in the 
winter; but the seasonal and daily climatic changes are gradual. 
The first snow falls in the latter part of September and generally 
remains until early May. Precipitation is abundant, amounting 
to some 25 inches per annum, being fairly evenly distributed be- 
tween rain and snowfall. The region is well watered by streams 


2 Russian word for the subdivisions of a large estate. 
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and sniall rivers, heading in the main chain of the Ural Moun- 
tains on the western portion of the Kyshtim “ Datcha” and 
draining eastward through innumerable lakes, emptying into the 
waters of the Obi River in the low steppes of Siberia. 

Vegetation is very abundant, and the only areas practically 
barren are the highest rocky ridges. Large tracts are heavily 
wooded with pine, spruce, and some tamarack, while birch and 
alders are mainly confined to the flats adjacent to the streams, 
lakes, and marshes. Moss and lichens form thick mats over 
much of the swampy and flat-lying areas, except in the extreme 
eastern portion of the estate. 

Topography.—The Urals in general are a low, much eroded 
mountain range and in this region attain in the highest ridges 
an elevation of about 3,200 feet. To the east they gradually 
merge through undulating ridges and hills into the low-lying 
plains of Siberia. The copper district, which is some ten miles 
east of the main chain of the Urals, lies in a broad, shallow north 
and south valley, bordered on both sides by low, rather rounded 
groups of hills and ridges. The average elevation of the valley 
is about 1,650 feet while the flanking ridges attain a maximum 
altitude of 2,450 feet. Within the valley itself the elevations 
vary but little and the water level lies at a relatively constant 
elevation. The streams flow sluggishly while the valley floors 
are covered by alluvium and marshes. The topography of the 
area suggests that denudation has been in progress for a long 
period without recent rejuvenation by uplift. 

In two or three instances diamond-drill holes appear to sug- 
gest that one of the streams in the copper district is flowing 
over a filled-in channel some eighty feet above the underlying 
bed rock channel, suggesting a depression of the land surface. 
but elsewhere within the district this same stream and other 
streams have only a very shallow gravel bed or are flowing on 
bed rock. Furthermore, shafts sunk in the country rock adja- 
cent to the ore bodies show oxidation with general limonite stain- 
ing of the schist to the ground water level. Beneath this, very 
few or no limonite stains occur and the chlorite-epidote schist 


c 
t 
n 
| 
a 
g 
n 
li 
2 
a 
t 
f 
ti 
Pp 
e 
te 
il 
it 
il 
b 


PYRITIC COPPER DEPOSITS OF KYSHTIM, RUSSIA. 597 


carries fresh pyrite crystals. It appears, therefore, that depres- 
sion of the land surface with a corresponding rise in the ground- 
water level is not probable. 

History and Development.—Mining was first started at Kysh- 
tim in 1747, but it was confined to the exploration of the nu- 
merous iron deposits. About 1822 gold was found in the gossans 
at the Koniukhoff, Smirnoff and probably at the Tissoff ore-bodies 
as well as in the adjacent alluvium. From that time on these 
gossans and the underlying baritic sand were worked in a some- 
what primitive manner for their gold and silver content. This 
work in the Soymonofsk Valley soon led to the discovery of the 
malachite at the contact between the serpentine and the crystal- 
line limestone. In 1837 several small copper-smelting furnaces 
were erected to treat this oxidized ore, but after producing some 
22 tons of copper they were closed down in 1842, owing prob- 
ably to the failure to find additional quantities of the malachite. 

Early in 1907 Mr. Leslie Urquhart, managing director of the 
Anglo-Siberian Corporation (now the Russo-Asiatic Corpora- 
tion), acquired an option on the Soymonofsk Valley District 
from the Kyshtim Mining Works Company, the Russian Com- 
pany owning the four “Datchas” now comprising the Kysh- 
tim Estate. A short time before this the gold workings at the 
Koniukhoff had reached the zone of loose, impoverished sul- 
phides, while previous work done at the Tissoff ore-body had 
exposed massive pyrite there. Systematic diamond drilling was 
started at the Koniukhoff ore-body in 1907 and by 1908 Mr. 
Knox, the consulting engineer, was able to estimate 200,000 
tons of ore averaging around 3 per cent. of copper. The drill- 
ing was extended to the Smirnoff and the Tissoff ore-bodies and 
in the fall of 1908 the option on the Soymonofsk Valley District 
was exercised, and the Kyshtim Corporation was formed to ac- 
quire the total area of the estate belonging to the Kyshtim Min- 
ing Works. <A small experimental smelter was started in 1908, 
but the present large smelting plant was not blown in until 1910. 
The capacity of the plant was increased in 1912 by the addition 
of a third water-jacketed furnace, and again in 1914 by the 
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completion of a large reverberatory furnace. The growth of 
the copper production is indicated by the following figures of 
output of blister copper. 


rors) (estiniated) 9,000-10,000 long tons. 


The Amerikansky ore-body was discovered in 1912, the Ivanoff 
East Vein in 1913, and West Vein in 1914. 


GENERAL GEOLOGY. 


The rocks of the Soymonofsk Valley District comprise a num- 
ber of sharply tilted dynamo-metamorphosed, sedimentary for- 
mations of Devonian or still greater age. They consist of crys- 
talline limestone, calcareous schist, and quartzite; the last locally 
hematitic and having the following average composition: 


Per Cent. 


In the black hematitic phase of the quartzite the hematite 
constitutes as high as 52 per cent. of the rock, with 41 per 
cent. of uncombined silica. These various formations extend 
in roughly parallel belts in a northerly direction corresponding 
to the strike of their foliation and dip between 50° and 80° 
eastward away from the older, probably pre-Cambrian granite- 
gneiss, and mica-schist and quartzite complex that forms the 


8 Curtailed by war mobilization. 
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core of the Urals. The foliation of these metamorphosed sedi- 
ments corresponds in strike and dip with the stratification 
wherever the latter could be determined. 

Interbedded or intercalated with the ordinary metamorphosed 
sediments, and forming part of the series, are more or less ir- 
regular masses of metamorphosed basic igneous rock impossible 
to group more closely than as greenstone schist, and at least two 
well defined and parallel belts of zoisite, diallage, actinolite and 
uralite schist. The actinolite schist represents either basic lava or 
lava-ash, contemporaneous with the sedimentary rocks, or a pro- 
foundly metamorphosed sediment. These belts of uralite schist 
vary in thickness from a few hundred feet to a maximum of 
somewhat over one thousand feet, and have been definitely traced 
along their strike for thirty miles; while one of the schist belts 
has been identified at localities one hundred and twenty miles 
apart. At intervals along both these belts there are areas up 
to eight miles in length over which the schist has suffered pyritic 
mineralization in parallel bands. In these areas or districts the 
uralite schist is largely replaced by numerous more or less parallel 
zones of thinly foliated, fissile, chlorite- and epidote-schist. While 
both these schist belts have suffered mineralizing action, only one 
forms the locus of the pyritic copper ore-bodies. 

The above series of rocks has been greatly modified and com- 
plicated by the intrusion into it of several kinds of igneous rocks 
in various forms and at various periods. Early among these 
igneous rocks were numerous intrusive masses of peridotite or 
pyroxenite now altered, with the development of more or less 
schistosity, to serpentine. This serpentine is not so strongly 
foliated as the greenstone schist or the uralite schist—the result 
of its more recent age. Where the serpentine lies in contact 
with the limestone some contact metamorphism has occurred 
with the development of a narrow zone of garnet, epidote, 
zoisite, wollastonite with which are associated some pyrite, pyr- 
rhotite, magnetite, and a very little chalcopyrite. At one locality 
this contact mineralization has been tested to a vertical depth 
of 300 ft.—some 200 ft. below ground water—and the primary 
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mineralization found to carry only 1 per cent. or less of copper. 
In former years these contacts were worked for malachite and 
azurite which occurred above the ground water level in suff- 
cient quantity to constitute a 3 or 4 per cent. copper ore. Only 
a thin zone of poor grade secondary sulphide enrichment occurs. 
In all cases the contact metamorphism has been slight and the 
contact zone narrow. Occurring as magmatic segregations 
within the serpentine are small masses of chrome-iron ore. 
Throughout the district and cutting all the rocks previously 
mentioned are intrusive dikes of various igneous rocks, gabbro, 
diabase and diorite. Some show marked effects of regional 
metamorphism while others do not. In no instance have any 
of these dikes been found in association with or cutting the 
pyritic ore-bodies. These dikes are the youngest igneous rocks 
occurring in the copper district. Outside of the district and 
some four miles to the east there are intrusive masses of an 
igneous rock varying in character from a granite-porphyry to 
syenite which shows little alteration by dynamic metamorphism. 
While the character of the ore deposits, discussed later, indi- 
cates their origin from magmatic hydrothermal solutions, no 
distinct association with igneous rocks has been established. 
The Ural region has suffered several uplifts with successive 
erosional periods. According to S. H. Ball the last dynamo- 
metamorphism and uplift occurred in Permian time, and since 
then erosion must have removed a great thickness of rock. None 
of the igneous rocks of this immediate district have entirely 
escaped regional metamorphism. It is natural, therefore, that 
the ore deposits are of the type deposited at considerable depth, 
and that those metals and minerals which, according to present 
knowledge, are deposited near the surface, are not found. 


ORE DEPOSITS. 
A. STRUCTURAL RELATIONS, 


Environment of the Ore Bodics——The pyritic copper ore- 
bodies are confined to one of those longitudinal portions (dis- 
tricts) of the above-mentioned belt of uralite schist where the 
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rock has been largely altered to zones of a thinly foliated, fissile, 
chlorite- and epidote-schist. This chlorite-schist, at distances 
from the ore-bodies varying from a few feet to as much as 
twenty feet, gradually merges into an extremely thinly-foliated 
and sheeted schist consisting almost entirely of lustrous, silky 
sericite and secondary quartz with more or less disseminated pyrite. 
In addition to the ore-bodies these zones of chlorite- and epidote- 
schist carry numerous, scattered, more or less parallel, and over- 
lapping bands of disseminated pyrite accompanied by silicifica- 
tion with some sericitization of the schist. It might be possible, 
then, to regard this longitudinal portion of the schist belt with 
a length of eight miles as a lode, in which the ore-bodies form 
ore-shoots. 

Arrangement.—The ore-bodies are arranged in series in this 
belt with two exceptions: the Smirnoff West and East Veins, 
and the West and East Veins of the Ivanoff. In these in- 
stances the ore-bodies are arranged en echelon, when viewed in 
horizontal plan, and on roughly parallel lines separated in the 
former instance by about 110 feet, and in the latter by 220 
feet. The longitudinal interval along the schist belt between 
successive ore-bodies arranged in series varies from one-fourth 
mile to two miles. These serially arranged ore-bodies generally, 
do not lie on the same zone within the schist belt. 

Form and Shape.—In form the ore-bodies present an elon- 
gated, somewhat lenticular appearance in horizontal section. 
They either wedge out at a single point or divide up into a few 
closely spaced, tapering stringers at their extremities. In the 
latter instance, the several stringers of massive sulphides are 
normally separated by narrow intercalated tongues of serici- 
tized, silicified, and pyritized schist. Beyond the ends of the ore- 
bodies a zone of more or less intense pyritization in highly silici- 
fied schist generally persists in the direction of the strike, for 
distances measurable in thousands of feet in some instances. It 
should be noted, however, that the Koniukhoff and Smirnoff 
(West Vein) ore-bodies present a broadening appearance at their 
southern ends. This, however, is more apparent than real, as 
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the massive cupriferous sulphide ore itself feathers out in a 
single stringer, forming the hanging wall portion of a wide zone 
of very heavily pyritized and silicified schist—the pyritization 
gradually decreasing toward the footwall. 

There is not full data bearing upon the vertical variation in 
form or shape of the ore-bodies below the zone of impoverish- 
ment, but in general the deepest workings and drill-holes suggest 
a gradual narrowing in depth, accompanied probably by a small 
decrease in length. 

Dimensions.—The several ore-bodies show a difference in size, 
as attested by the following dimensions—the ore-bodies being 
enumerated in their order from north to south. 


j | Present Vert. 
re Body. ength, Ft, |“~S*: 3 up by Deepest Jepth Proved 
. | | Width, Ft. | East, Deg. | Mining Opera- | by Drilling, Ft. 
| | tions, Ft. 
900 35 60 760 1,400 
Smirnoff: 
West Vein........ | 900 28 55 580 660 
oS | 750 20 60 580 500 
Americansky.......... 800 23 57 200 740 
1,500 90 70 400 920 
Ivanoff | 
West Vein........ 300 |Unknown 68 None 550 
Hast Vein... 260 |Unknown! 69 200 380 


If the Ivanoff veins are omitted, the ore-bodies approximate a 
size affording to the present average depth proved by drilling a 
tonnage of a million tons each. The vertical range of ore-de- 
position appears to have been great compared with its range in 
the other dimensions of the ore bodies. The massive sulphide 
ore attains its maximum average width near the surface and 
shows only a very gradual and regular tapering with increasing 
depth. At none of the ore-bodies does the sulphide ore taper 
upwards, and no blind veins have been found where there is no 
outcrop, notwithstanding the fact that the mineralized schist belt 
at the ore-bodies and over the extension between the several ore- 
bodies has been fairly exhaustively tested, at vertical depths 
ranging from 150 feet to 500 feet, by diamond-drilling at closely 
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spaced longitudinal intervals. Not only then is the present ver- 
tical depth proved to be considerable, without limiting the ore- 
bodies except at the Ivanoff, but the above facts suggest that 
erosion has determined what will be found to be the vertical 
extent of the ore-bodies in the field. Furthermore, the geologic 
and topographic history indicate that post-mineral denudation 
has been great, and the conditions existing at the Ivanoff (to be 
discussed later) appear to indicate that an important portion of 
the ore-bodies has been removed by erosion and lost. 

Structure —The ore bodies invariably conform in dip and 
strike with the schistosity of the enclosing wall-rock. None of 
the individual veins show the marked and abrupt changes in 
strike or dip, or the splitting up into many lenses which are so 
frequently present in ore-bodies in a schistose wall-rock when the 
mineralization preceded the dynamo’metamorphism. All the 
veins course approximately north and south—the Koniukhoff, 
Smirnoff and Tissoff a few degrees to the east of north, and the 
Americansky and Ivanoff a few degrees to the west of north. 
The dip varies for the several ore-bodies from 55° to 70° east, 
the former existing toward the north end of the district and the 
latter at the southernmost ore-body. 

The vein walls are generally well-defined, relatively sharp, 
smooth, and straight, but marked by no clay selvage or gouge. 
They show no evidence of having been planes of movement either 
before or after ore-deposition. The immediately adjacent wall- 
rock, however, shows intense sheeting accompanied probably, 
though very locally, by what appears to be some brecciated 
structure. 

The ore-bodies are composed predominantly of a homo- 
geneous mass of granular pyrite and are remarkably free from 
admixed wall-rock. Enclosed horses of the typical chlorite- and 
epidote-schist more or less pyritized and altered to sericitic schist 
occur with the planes of schistosity parallel to that of the wall- 
rocks, but they are small and unimportant. They show a re- 
markable persistence in the vertical plane and a steep pitch 
parallel to that of the ore-bodies. 
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Post-mineral faults with notable displacement do not occur so 
far as at present known. That some slight movement, probably 
in the form of a general regional settling, has occurred since ore- 
deposition is shown by the joints which traverse the ore. There 
are three distinct systems of jointing: the best developed is a 
series perpendicular to the dip of the veins and in general ter- 
minating at the walls; the second consists of planes parallel to the 
dip; and the third series, only occasionally developed, are nearly 
vertical, but dipping slightly to the north or south parallel to the 
pitch of the individual ore-body and cutting the ore-bodies per- 
pendicular to their strike, running completely through the ore and 
passing out into the country-rock. Only at the Tissoff do any of 
these joint planes show slickensides and even there such phenom- 
ena are rare and the displacement slight. All the planes are close 
and tight and no instance of any distinct filling of the fractures 
has been observed. 

B, THE ORE-BODIES, 


The ore-bodies normally show four well-developed and roughly 
horizontal zones as viewed in a vertical longitudinal projection 
or cross section. From the outcrop down they may be desig- 
nated as: (1) the gossan zone which extends from the surface 
to a maximum depth of 40 feet; (2) the zone of loose baritic 
sand with a locus lying from the bottom of the gossan to a maxi- 
mum depth of 200 feet; (3) the loose impoverished sulphides* 
which extend from the bottom of the baritic sand to a maximum 
depth of 240 feet where they gradually pass into (4) the under- 
lying firm, massive, mainly unaltered, and primary sulphide ore. 
The relation of these several zones to the depth of ground water, 
their vertical limits and relative horizontal widths in the several 
veins appear in the following table; while sections nos. I and 2 
illustrate the conditions in typical cases. 

Several salient features are apparent from a study of this 
table and the sections. Notable among these are: (a) the close 


4A term introduced by Mr. Knox to designate sulphide ore which has been 
leached of its copper content without oxidation of pyrite. T. J. M. M., Vol. 
XVIIL., 1900. 
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parallelism of the several zones to the upper surface of ground 
water; (b) the intimate relation of the depth of the ground 
water level to the vertical range of the several zones; (c) how- 
ever, the sulphides at the several ore-bodies do not begin, even 
approximately, at the same elevation above sea level; (d) the 
gossan in general ends short of the ground water level and has 
a width about two thirds that of the firm massive sulphide ore; 
(e) the baritic sand for the greater portion lies beneath the upper 
surface of the ground water and has a width less than that of 
the overlying gossan and practically one fourth that of the firm 
massive sulphides: (f) the impoverished sulphides are some two- 
thirds as wide as the underlying firm, massive ore; (g) the sul- 
phides do not occur until a depth varying from 25 feet to 95 
feet below the ground water level is reached; (1) leaching with 
impoverishment in copper persists to a depth varying from 50 
feet to 135 feet below the ground-water level; (i) the non-occur- 
rence of a definite zone of gossan at the Ivanoff ore-body where 
the greater topographic relief is more favorable to denudation 
than at any of the other ore-bodies. 

1. Gossan.—The normal outcrop of the ore-bodies, which does 
not rise above or is not depressed below the country, is a brick 
red to yellowish, porous, honey-combed, fairly well cemented 
aggregate of limonite and perhaps other hydrous iron oxides in 
smaller quantity, barite, quartz, and kaolinite, decreasing in 
abundance in the order named. The barite and quartz form a 
network of small grains exhibiting the skeleton frame of the firm 
sulphide ore and held in place by casts of limonite which, with 
a little clayey material, partially fills the mouids of the former 
sulphides. The sulphur, originally combined with the iron, cop- 
per and zinc in the primary sulphide ore and amounting to 
some 45 per cent., has been almost completely removed in the 
gossan. Inno instance has it been found to exceed 0.7 per cent. 
Iron, which averages about 38 per cent. in the sulphide ore, has 
suffered little or no removal. The zinc, which averages about 
2.5 per cent. in the primary ore, never exceeds 0.3 per cent. in 
the gossan, while in general only traces remain. Copper does 
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not show as complete a removal as the zinc. It varies from 0.1 
per cent. up to a little over 1 per cent., the quantity present 
varying independently of the depth of ground-water level. The 
copper is present mainly as malachite with which is associated a 
smaller amount of azurite and cuprite. Impoverishment in zinc 
and copper is regarded as the result of the strong sulphate water 
formed by the oxidation of the sulphide ore and the absence of 
appreciable quantities of calcite or other carbonates in the ore 
or immediate adjacent country rock, which would tend to precipi- 
tate the carbonates of copper and zinc. The gold content aver- 
ages around 0.25 oz./L.T. and in maintaining the same ratio to 
the barite and quartz as exists in the primary sulphide ore appears 
to show only a relative enrichment by solution and removal of 
the sulphur, copper, and zinc. According to our present ideas, 
this condition would be expected as the ore carries no manganese. 
Silver, however, in averaging 3.5 oz./L.T. in the gossan shows 
more than residual enrichment; this is especially true in the upper 
portion of the gossan zone where the assay of a large number 
of representative samples as well as carload lots shows in general 
and in the average nearly double the amount of silver for the 
gold-silver ratio established in the primary ore and in the other 
zones. No explanation of this condition has been found, and, 
moreover, H. C. Cooke® notes that a mixture of sulphuric acid 
and ferric sulphate has a powerful solvent action on silver, hence, 
in an ore-body containing much pyrite, little silver may be ex- 
pected in the gossan. Gold and silver are present as minute 
flecks in the limonite. 

The gossan with depth gradually decreases in width, and as 
barite and quartz gradually increase and limonite decreases, 
passes, with a transitional zone some 10 feet in vertical extent, 
into the zone of loose baritic sand, in one of the ore-bodies at 
the ground-water level, in the others above this horizon. 

2. Baritic Sand.—This consists predominantly of loose grains 
of barite and quartz, which constitute some 80 to 90 per cent. of 
the material and does not show the skeleton frame of the firm 


8 Journ. of Geol., Vol. XXI., No. 1. 
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sulphide ore. These grains are generally more or less stained 
by limonite, but the quantity of iron present will not average 
over 8 per cent., which is less than one fourth the amount in the 
gossan, and often the sand is so thoroughly leached that fess 
than I per cent. of iron remains. Sulphur, copper, and zine in 
the average have been almost completely removed by leaching. 
Gold and silver show only residual enrichment, with the former 
averaging 1.3 oz./L.T. and the latter 13.5 oz./L.T. The 
precious metals are present in such minute flecks that they cannot 
be recovered by panning. The sand has an average specific 
gravity of 3.3. 

The striking characteristic of this zone is the broken, caved, 
and settled condition of the adjacent hanging wall. This does 
not occur in the gossan zone—at least not in a similar degree of 
development. These baritic sands as well as the underlying im- 
poverished sulphides are so loose that a pencil and frequently 
the handle of a geological hammer can easily be inserted into 
them. When soaked with water, they flow and act very much 
as quick-sand. 

Of rather frequent occurrence in the loose sands are short, 
thin, vertically non-persistent veinlets of crystalline, brittle, and 
vuggy quartz. These veins are seldom more than a few feet in 
length and a few inches wide. They are generally oriented 
parallel to the vein walls but are also found coursing diagonally 
across the vein, ending at or before the wall-rock schist is reached. 
These veinlets show crustification. The quartz is generally 
glassy and always free from impurities. No appreciable quan- 
tity of gold or silver is present. Some amorphous silica has 
been observed with this quartz. These veins have no counter- 
part in the primary sulphide ore, and they are regarded as the 
result of deposition by descending water in voids or along part- 
ings in the sand. 

This baritic sand zone at the Ivanoff is characterized by a 
persistent band of dark to black, very fine-grained, clay-like 
material. Generally there is only one band, although locally two 
occur. No localization to the footwall, hanging wall, or medial 
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portion of the vein exists. The band is persistent vertically and 
longitudinally, and is everywhere parallel to the firm footwall 
of the vein. It varies in width from an inch to one and one half 
feet, with an average of six to eight inches. This black material 
is always richer in gold and silver than the typical baritic sand, 
and assays as high as 13.7 oz./L.T. in gold and 137.1 oz./L.T. in 
silver have been obtained. A typical analysis of this material is 
as follows: 


see 5.7 oz. per long ton. 
Per Cent. 


It appears that the black coloration is due to the presence of very 
finely divided particles of carbon, and the analyst states that the 
black coloration disappears on burning. Neither carbon nor 
carbonates occur in the primary sulphide ore or immediately ad- 
jacent wall-rock. The carbon may have been introduced by de- 
scending water carrying organic matter. That carbonaceous 
material will precipitate the precious metals has been pointed out 
by many investigators, but just why this band should carry a 
decided concentration of gold and silver when all the other data 
indicate that there has been very little or no solution and trans- 
portation of these metals, is not clear. Furthermore, no reason 
has been found to account for the absolute restriction of this 
carbonaceous material to the Ivanoff baritic sand. 

In the lower part of the zone of baritic sand the width of the 
sand decreases noticeably over a few feet in vertical extent, a 
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phenomenon followed immediately by the appearance of a few 
scattered, loose, and corroded grains of pyrite, and an increase in 
the width of the vein. As these grains of pyrite continue to in- 
crease in amount and the quantity of barite and quartz gradually 
decreases, there is a progressive change with an increase in the 
width of the vein, through a transition zone some 10 to 20 feet 
in vertical extent, into the typical loose impoverished sulphides. 

3. Impoverished Sulphides—These consist of an incoherent 
aggregate of. pyrite grains with which occur a smaller number 
of grains of barite and quartz. The chemical composition of 
the impoverished sulphides is given later in the discussion of the 
relative chemical character of the material composing the sev- 
eral zones. In this zone where leaching has presumably been 
most recent, a number of small open spaces or voids exists where 
the settling of the hanging-wall schist has not yet occurred. 
These open spaces are generally localized to the hanging-wall 
portion of the vein. 

The width of the vein shows a continuous increase with depth 
in this zone. The constituent grains become more and more co- 
herent: the copper and zinc content progressively increase with 
depth: the gold, silver, barite and quartz decrease, and the ma- 
terial passes with increasing depth into a low grade (1 to 2 per 
cent.) copper ore which crumbles only on exposure to the air; 
and finally into the underlying firm, mainly unaltered sulphide ore. 
The impoverished sulphides persist to a slightly greater depth 
next to the walls than in the medial portion of the ore-bodies. 

4. Primary Sulphide Ore.—The typical ore is a compact, 
dense, relatively fine-grained, thassive aggregate of cracked and 
sheeted granular pyrite (grains 0.01 to 0.1 inch in diameter), 
barite and fibrous quartz with a few shreds of sericite and 
chlorite, carrying irregular blotches and streaks of chalcopyrite 
and sphalerite and minute interstitial grains of tennantite. All 
the above minerals with the exception of the minute quantities 
of sericite and chlorite, and probably a small part of the quartz 
occur in typical primary intergrowth. The latter appear as 
remnants left in the ore. In thin sections the quartz shows 
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uniform extinction, normal interference figures, and no evidence 
suggesting strain during dynamo-metamorphism. It carries in- 
cluded gas bubbles and shreds of unreplaced sericite, and is thus 
easily differentiated from the silica later mentioned under sec- 
ondary sulphide enrichment. 

The ore contains a much greater proportion of metallic sul- 
phides than of non-metallic gangue and has a specific gravity of 
5.5. The average composition of the massive sulphide ore for 
all the ore-bodies, except the Ivanoff veins, is as follows: 


Per Cent. 

99.7 
Silver 1.2 oz. per long ton. 


While the massive sulphide ore from any given ore-body varies 
somewhat from that of another, the close similarity in the com- 
position of the ore from the.several ore-bodies is noteworthy. 
The most notable variation from the above average composition 
is in the case of the Tissoff massive pyritic ore where the average 
gold content is only 0.05 oz. per long ton while the barite aver- 
ages 10 per cent. However, a given ore-body does not possess 
the same composition throughout but shows definite longitudinal, 
lateral, and vertical variations. These conditions are discussed 
later. 

The massive sulphide ore shows banding, very faintly devel- 
oped at the longitudinal middle portion of the ore-bodies where 
the clean, hard massive pyrite carries a minimum of copper, 
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zinc, gold, and silver, but particularly pronounced toward the 
longitudinal extremities of the ore-bodies where the ore is gen- 
erally richer in the above metals and carries a greater proportion 
of non-metallic gangue. An individual band ranges from a 
small fraction of an inch to several inches in thickness and is dif- 
ferentiated from the contiguous bands into which it grades, by 
its color and, to a less degree by texture. This difference is the 
result of a variation in the relative quantity of tennantite, sphal- 
erite or chalcopyrite, and in a minor degree to variations in the 
amount of non-metallic gangue; in other words, of a partial 
individualization of the constituent minerals of the ore in parallel 
seams during the metasomatic replacement of successive bands 
of the schist by solutions apparently progressively changing in 
composition. An infrequent and local variation in the ore, and 
one that is confined to the immediate hanging-wall portion of 
the ore-body, is the presence of non-persistent bands up to six 
inches in width of a dark blue, massive granular aggregate of 
sphalerite and galena in varying proportions with smaller 
amounts of pyrite, chalcopyrite, and tennantite, and also rarely 
a little bornite. The banding invariably is parallel to the vein 
walls and the schistosity of the enclosing rock. A single band 
shows a greater persistence vertically than longitudinally. 

A very few small, irregularly elongated open spaces have been 
observed, but they are extremely rare and are confined to the 
immediate wall-rocks of the ore-body or to the borders of an 
enclosed horse of schist, and are never wholly within the ore it- 
self. There is no crustification. 

Variation.—Critical observations of the mineralogical charac- 
ter of the ore in any of the bodies, as it is exposed on a given 
level, suggest that as one passes from the middle portion toward 
the extremities of the ore-bodies, the massive sulphide ore ex- 
hibits a progressive increase in the quantity of non-metallic 
gangue silica, alumina, or barium), and a corresponding de- 
crease in the amount of pyrite. These observations have been 
confirmed in the instance of the Koniukhoff ore-body by chem- 
ical determinations made upon a series of relatively large samples 
taken at 25-foot intervals horizontally along the extent of the 
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ore-body. The following condensed table shows in a general 
way the typical variation in the composition and width of the 
ore-body, excluding the enclosed horses and stringers of pyritized 


schist, at a vertical depth of 280 feet (first level). 


The posi- 


tion of the sections appears on the accompanying plan of the 
Koniukhoff ore-body. 


North, enter, South, 
Width. 5 Ft. 13 Ft. 28 Ft. 35 Ft. 45 Ft 
Per Cent. Per Cent. Per Cent. Per Cent. Per Cent, 
4.2 4.8 3.6 ax 0.5 
| 32.4 39.1 41.8 40.8 34.4 
86.6 ‘ 88. 
| 42.0 74-47% 47.5 % 49.4 9% 2% 47-7 5% 39.4 f 73 8% 
5.5 0. 0.4 0.5 oy, | 21-7 
3-3 8.8% 0.8 1.4% 0.2 0.6% 0.7 a3 24.0% 
| 3.6 3.9 2.2 3-5 O.1 
| 6.0 2.0 1.6 3-7 0.3 
o's | 0.8 0.2 0.2 0.1 0.7 
San | 0.2 0.2 0.1 0.2 0.1 
RRA | 0.2 0.3 0.1 0.2 0.1 
| 
99.3 99.9 99.9 99.8 100.0% 
Au oz. L.T...| 0.15 0.10 0.06 0.09 0.12 
Ag oz. L.T.. | 1.44 1.00 0.65 0.80 0.60 


While a similar detailed chemical study has not yet been 
made of the longitudinal variation in the composition of the 
other ore-bodies it is interesting to note that a similar varia- 
tion is suggested from the analyses of the cores obtained from 
the diamond drilling done in proving and developing the Amer- 
This appears in the tabulation : 


Probabl go Ft, 


Probably Within 
from End of 20 Ft, of End 
Ore Body, of Ore Body, 
North, South, 
320 Ft. 150 Ft. Center —> 170 Ft. => 380 Ft, 
| 64 Ft. 6 Ft. Fe. 
Width Per Cent. Per Cent, Per Cent, Per Cent. | Per Cent. 
| 4.2 4:3 2.5 3-7 | 3.8 
35.0 37-3 39.0 37.0 | 30.0 
US | 42.0 77-0% 44.7 82.0% 46.0 85.0% | | 45.0 82.0% | 38.0 68.0% 
| 5.5 0.8 | 3.2 
1.6 7-1% 0.7 1.8% 0.6 1.4% 0.7 1.8% | 5.5 17.2% 
| 7-7 7-3 7.1 2.2 
| 2.9 &.7 2.2 | 2.9 2.8 
Au oz. L.T...) 0.15 0.25 0.10 0.14 
Ag oz. L.T. 2.0 1.9 0.9 Pa 1.8 
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It will be observed that these two ore- 
bodies have a somewhat different form. In 
the one case, the Americansky, the ore-body 
reaches its maximum width near its middle 
and wedges out at both ends; while the 
Koniukhoff tapers out at the northern ter- 
mination but presents a broadening at the 
southern end. All the ore-bodies have one 
or the other of these two forms, and it ap- 
pears that the longitudinal variation in the 
composition of the ore is independent of the 
shape of the ore-body. 

Several salient features are apparent from 
a study of these tables. The following are 
notable: (a) The iron and sulphur content, 
representing mainly pyrite, is at a maximum 
at a locality near the longitudinal middle of 
the ore-body and progressively decreases 
toward the two ends; (b) silica and alumina 
are at a minimum where the pyrite has its 
maximum development and increase toward 
the extremities of the ore-body; (c) a sum- 
mary of these two, that is, pyrite is de- 
veloped in largest quantity near the longi- 
tudinal middle portion of the ore-body, in- 
dicating very complete replacement of the 
schist; and progressively gives way towards 
the ends to increasing quantities of silica and 
alumina, which at least in part represent un- 
replaced residuum, suggesting progressively 
less complete replacement of the schist to- 
ward the extremities of the ore-body; (d) 
gold and silver are at a minimum in the ore 
near the middle portion and increase some- 
what progressively toward the extremities 
of the ore-body ; and (e¢) the copper and zinc 
in the ore are relatively low near the longi- 
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Solid black 


Heavily impregnated schist. 


Stippled area 


Massive sulphide ore. 
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tudinal middle of the ore-body, attain their maximum in the 
end portions, and in general do not fall below the ore mini- 
mum until the combined silica and alumina content reaches ap- 
proximately 20 per cent. at the extremities of the ore-body where 
the copper and zinc fall off rapidly. While the limitation given 
does not appear in the tabulations, it was suggested by a number 
of critical determinations. 

The Koniukhoff body, at which the present mine workings as 
well as the diamond-drilling has reached the greatest depth, was 
studied for the purpose of determining whether there might be 
a vertical variation as well as this longitudinal variation in the 
composition of the ore-body. The following data apply to a 
block of ore 275 feet in horizontal length located at the central 
portion of the ore-body and pitching north at the same angle as 
the pitch of the ore-body: 


Vertical Depth, 280 Ft. 560 Ft. | goo Ft. 
Width, 


ar Ft. 18 Ft. 1 Ft, 
Per Cent. Per Cent. Per Cent. 
4.0 4.0 | 4.1 
40.3 35-3 32.0 
48.4 [784% 38.6 706% 
0. 2. 
1.0% 4 3.1% 6.0% 
= 8.6 | 10.6 
4.3 6.7 
0.7 0.5 0.7 
0.2 0.6 0.2 
0.2 0.2 0.2 
99.9 100.0 99.5 
0.10 0.12 | 0.18 


The first two columns are compiled from representative series 
of samples taken upon the first level (280-foot) and the fourth 
level (560-foot) respectively over the length of the block in 
question. The last column, however, is necessarily based upon 
the data furnished from three drill holes cutting the ore-body 
within the limits of the above block at vertical depths ranging 
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from 870 feet to 970 feet, and of course may not closely ap- 
proximate the average composition of the ore at this average 
depth, though the analyses of the three holes varied but little 
from one another. 

The important facts revealed by this comparison are: (a) a 
gradual and regular decrease in the average width of the ore- 
body with depth, and (b) a decrease in pyrite accompanied by 
an increase of gold, silver, quartz and aluminous materia! with 
increasing depth,® while an increase in barite and zinc also ap- 
pears to be indicated. In other words, a progressive decrease in 
width and change in relative composition of the ore with depth 
on a vertical section, similar in general to the variation occur- 
ring in the horizontal plane from the middle of the ore-body 
outward, is at least strongly suggested. There may thus prove 
to be some significance in these observations bearing upon the 
depth to which the ore-body will persist. 

The rate of decrease in width and variation in composition 
of the ore with increasing depth as compared with the similar 
phenomena in the horizontal section may suggest that the ore- 
body will approximate a vertical depth of some 2,000 feet, be- 
fore tapering or fingering out into a zone of pyritized and silici- 
fied schist. Furthermore, these relations appear to suggest that 
the ore in the extension below the present deepest level (760 
feet vertical) should average at least as high in copper, and higher 
in the precious metals, with a little more silica and alumina and 
possibly more zinc and barite than the ore above this level. 

At all the ore-bodies, so far as they could and have been 
studied at present, the ore appears to show longitudinal and ver- 
tical variations similar to those given above. 

The Ivanoff ore-bodies, however, appear to have been limited 
by diamond drilling to a vertical depth less than 600 feet, below 

9 Since this was written a diamond drill hole has proved the Koniukhoff ore- 
body at a vertical depth of 1,400 feet and apparently within the limits of the 
above block. A 6.5-foot width of ore was encountered averaging: Cu = 4.3 
per cent., Fe = 31 per cent., S = 37 per cent., SiO, =9.6 per cent., Al,O; = 3.9 


per cent., BaSO,=6 per cent. Zn = 5.8 per cent, Au=0.62 0z./L. T., and 
Ag =8.3 0z./L. T. 
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which each vein is represented by a zone of highly silicified and 
pyritized schist. Nevertheless the diagnostic criteria indicate 
that these two veins are of the same type, were formed in the 
same mineralizing epoch and under the same conditions as the 
other ore-bodies. In addition to their relatively limited per- 
sistence in depth, markedly shorter length and narrower width 
compared with the other ore-bodies, these two veins show two 
other important differences. The Ivanoff massive sulphide ore, 
while possessing the same general mineralogical character, ap- 
pears to average as low in pyrite and as high in quartz and alumi- 
nous material as the ore typical of the longitudinal end-portions 
of the other ore-bodies. As pointed out in discussing the ver- 
tical variation at the Koniukhoff, the data appeared to suggest 
that this type of ore may also be expected in the bottom portions 
of the ore-bodies. Elsewhere, the greater present rate of de- 
nudation at the Ivanoff has been mentioned, and there appears 
no good reason to suppose that this condition has not existed over 
a considerable time interval. No gossan caps these veins, and 
only a few loose chunks were found scattered on the broken schist 
adjacent to the veins at the surface. It follows that the gossan 
zone has been eroded and apparently a greater depth of rock 
removed at the Ivanoff since the mineralizing epoch than at any 
of the other ore-bodies. The above facts appear to warrant the 
suggestion that the present Ivanoff veins represent ore-bodies 
corresponding in size with the other ore-bodies of the district 
but now very largely removed by erosion. 
Paragenesis.—Microscopic study of the massive sulphide ore 
indicates that alternating bands of the sheeted and strongly fo- 
liated schist were first metasomatically replaced by a usually 
rather coarse-grained, cracked and sheeted pyrite, anhedral 
barite, and fibrous quartz, leaving minute bunches and shreds of 
chlorite and sericite which were later in the process replaced by 
chalcopyrite, sphalerite, and tennantite, which themselves are 
contemporaneous. Tennantite also probably marks a still slightly 
later stage in the primary mineralization and with it are con- 
temporaneously associated chalcopyrite and quartz. This latter 
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occurrence takes the form of narrow quartz veins occasionally 
within the massive sulphide ore but generally along the imme- 
diate walls, and is noticeably localized at the ends of the ore- 
bodies. The tennantite of this second generation has the fol- 
lowing composition which corresponds to the formula: 


A 
14 
with a part of the copper replaced by zinc and iron, and is prob- 
ably the variety sandbergerite : 


Per Cent. 

99.8 


Whether the tennantite in the interstices of the massive sulphide 
ore has a similar chemical character has not been determined. 

In some of the ore-bodies analyses indicate that high precious 
metal values in the ore are associated with the occurrence of ten- 
nantite, but in others this does not appear to hold. Under the 
microscope in the polished section gold has been found only in 
the tennantite. Here it occurs apparently as a selenide distrib- 
uted in minute flecks contemporaneous in deposition with the 
tennantite. 

There is, then, a decreasing iron, increasing copper content 
of the minerals successively deposited. 

Origin.—In the absence of: (1) evidence indicating that the 
veins have suffered squeezing into a series of imbricating lenses, 
(2) the development of dynamo-metamorphic minerals in the 
ore or sericitized wall-rock, and (3) evidence suggesting a strain- 
ing of the quartz grains in the ore, it is concluded that the ore 
deposition occurred after the last dynamic metamorphism. 
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Bearing upon the genesis of the ore-bodies the following facts 
have been brought out: (1) a gradual transition from the clear 
massive sulphide ore (locally almost entirely pyrite) near the 
longitudinal middle portion of the ore-bodies, through the some- 
what schistose ore at the extremities of the bodies, into the zone 
of silicified and pyritized rock; and the presence of numerous, 
more or less persistent, bands occurring throughout the schist 
belt where the typical schist has been impregnated with the 
sulphides of the ore-bodies; (2) the retention in the ore, in 
the form of banding, of the schistose structure of the enclosing 
rock; and (3) the presence within the ore-bodies of horses of 
the typical wall rock schist which have their schistosity parallel 
to that of the enclosing wall-rock. From this evidence it follows 
that the ore-bodies do not represent the filling of cavities, but a 
more or less complete metasomatic replacement of the typical 
country-rock schist. 

Among the conditions that may have caused the distribution of 
the ore-bodies, and determined the degree of replacement of the 
schist by sulphides, it appears that variations in the original com- 
position of the schist were not important. The schist occasion- 
ally and locally carries intercalated bands up to five feet in width 
of marble or very limy schist, but none of these show an im- 
portant impregnation of pyrite and in general they carry no 
pyrite grains. On the other hand, however, there are instances 
where the immediately adjacent, typical but markedly thinly- 
foliated schist has suffered intense pyritization and silicification. 
In the ore itself, where replacement has been practically com- 
plete, the original rock condition is naturally difficult of observa- 
tion, but in the numerous zones in the typical schist carrying a 
varying degree of impregnation by pyrite it can be said that the 
amount of impregnation increases as the schist becomes more 
thinly-foliated or sheeted. 

A consideration of the longitudinal variation in the composi- 
tion of the ore in the ore-bodies, and the relation of this to the 
degree of banding in the ore, together with the paragenesis of 
the ore minerals, suggest that these several phenomena are all 
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intimately related to one another in the genesis of the ore de- 
posits. It appears probable that a locus of maximum perme- 
ability and, therefore, maximum mineralizing action occurred 
in the thinly-foliated schist zone near the longitudinal middle 
portion of the ore-bodies where the pyrite which was first de- 
posited nearly completely replaced the schist, rendering this por- 
tion relatively impervious to the action of the solutions charac- 
terizing a later period in the mineralizing epoch and richer in 
gold, silver, zinc, and copper. The ore in this portion of the ore- 
bodies, therefore, consists more predominantly of pyrite and 
naturally preserves very poorly the banding of the schist, since 
the banding of the ore is the result of a partial individualization 
in parallel seams of the various ore minerals by the metasomatic 
replacement of successive bands of the schist by solutions vary- 
ing in composition. Outward, toward the longitudinal extremi- 
ties of the ore-bodies, the zone of thinly-foliated schist was less 
and less permeable and was not so completely replaced during 
the early stages of the mineralization, but bands were left to be 
replaced by the solutions characterizing the later stages; thus the 
structure of the schist was better preserved. The richer ore is 
invariably the most pronouncedly banded, and vice versa. 

5. Relative Chemical Composition of the Several Zones—As 
a preliminary statement to facilitate the description of the ore- 
bodies the several horizontal zones shown by the ore-bodies were 
defined and their vertical limits and widths given for each of the 
mines. It now remains to compare the relative composition of 
these zones in an effort to determine, if possible, the processes 
involved in their formation. The following somewhat condensed 
table, which gives the comparison for a particular block in the 
northern portion of the Americansky ore-body, is typical. 

The essential features shown by this comparison may be sum- 
marized as follows: 

(a) The clean gossan carries from 0.10 per cent. to 1.3 per 
cent. copper, but in every instance carries more copper than the 
underlying baritic sand or the loose sulphides. The bottom of 
the gossan zone carries less copper, than the outcrop. 
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(b) The gossan carries four times or more as much iron as 
the immediately underlying baritic sand. 

(c) Barite, silica, and in general alumina maintain a fairly 
constant ratio throughout the several zones, and the proportions 
present depend upon the amount of iron and sulphur removed 
and show only residual enrichment. 

(d) Gold maintains in general a definite ratio to the barite 
and quartz throughout the several zones and shows only a rela- 
tive enrichment by solution and removal of the other constituents 
of the original ore. The same can be said of silver, the ratio of 
gold and silver remaining practically constant, except in the 
upper portion of the gossan zone where a positive enrichment 
in silver is indicated. 


Zone, Gossan, | Transition. | Transition, Primary 
“hd 4 | Sulphides, | Sulphides, 
idth. Per Cent, Per Cent. Per Cent. Per Cent, | Per Cent, | Per Cent, | Per Cent. 
0.410 Tr. | Nil 0.02 0.07 | 1.7 4.0 
Res 32.— 19.5 | 82" | 22— | | 34.5 37-— 
0.4 0.6 1.0 18.5 35.— 41.— 44.— 
12— ! 17.5 12.— 6.5 4.5 2.3 
AlsOs. 3.2 5-3 | 7.2 4.2 2.6 2.2 0.9 
24.— 40.2 63.— 38.— 23.5 | 15.5 9.5 
Tr 0.1 0.2 0.3 0.1 $3 
Tr Tr 0.1 0.3 0.5 0.5 
Au oz. L.T 0.22 0.7 1.36 0.77 0.25 | 0.23 0.15 
Ag oz. L.T...| 3.8 7:0 | 13.3 2.7 2.6 | 1.8 


(e) There is nothing to suggest that descending meteoric 
waters have dissolved and transported any of the barite, quartz, 
or gold. 

(f) There is a gradual transition from any one zone into 
another. 

(g) The absence of a well-developed and well-defined zone of 
downward secondary-sulphide enrichment. 

In considering the probable genesis of these several important 
superficial zones, unique in their degree of development a number 


10 Jn general for all the ore-bodies varying from 0.1 per cent. to 1.3 per cent. 
11 General average lower, with some of the sand carrying less than 1 per cent. 
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of features are important: (1) the physical character of the gos- 
san, (2) its chemical composition relative to the underlying zone 
of baritic sand, (3) its comparative width with the relative absence 
of a broken hanging wall as contrasted with the settled hanging 
wall in the zone of baritic sand, and (4) the presence of this broken 
and caved hanging wall at the surface in the instance of the Ivanoff 
where the baritic sand outcrops. All of these features point to the 
conclusion that the gossan is the result of normal processes of oxi- 
dation acting upon the massive sulphide ore. There is no evidence 
to support the hypothesis that the gossan was formed from the 
baritic sand by iron sulphate solutions generated in the zone of 
loose, leached sulphides, then ascending through the extensive zone 
of baritic sand, and finally having the iron fixed as limonite near 
the surface in the baritic sand by descending surface waters 
heavily charged with oxygen. There is nothing to suggest that 
gossan is being formed at the present time. It is inferred that all 
the gossan is a remnant of that formed at a previous period and 
not as yet removed by erosion except in the instance of the Ivanoff 
where topographic conditions appear to have been and are now 
favorable to more rapid denudation. Here the underlying zone 
of baritic sand outcrops. In fact, it was the theoretical con- 
ception of this possibility that led to the search for the gray 
colored, inconspicuous sand by deep trenching on the schist belt, 
as the sand would not appear as a distinct vein in the broken 
surface portion of the schist, and hence to the discovery of the 
Ivanoff. It is believed that during a period in the past the rate 
of denudation has been much greater, the result of a much 
steeper gradient in the younger topography, and the massive 
sulphide ore was kept so near the surface (i. e., above the ground- 
water level) that an excess of oxygen was always immediately 
ready to convert the iron of the ferrous sulphate formed into 
limonite. Since then these conditions gradually have ceased to 
exist owing to long continued erosion. 

As long as the rate of denudation kept the ground-water level 
lowering faster than descending oxygen-charged surface water 
could convert the massive sulphide ore being brought above the 
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water level into limonite, the water reaching this level had lost 
its oxygen. When, however, as the rate of erosion gradually 
decreased, and the gossan finally reached the ground-water level, 
then the surface water descending along the previous channel 
formed by the porous gossan would still be charged with oxygen 
on reaching the water level. It, therefore, was able to attack 
the massive sulphide ore. Then at this depth, it dissolved first 
the copper and then the iron as sulphate. Owing to the much 
slower movement of this water and its tendency to diffuse and 
mingle with the rest of the ground-water, there was not sufficient 
oxygen supplied to accomplish complete oxidation and precipitate 
the iron as limonite. The copper and iron sulphates were lost 
through diffusion into the body of the ground-water, a tendency 
accentuated by a wall-rock which is more permeable than the 
firm massive sulphide ore. 

At first, the copper being attacked before the iron, a zone of 
loose leached sulphides, corresponding in character to the present 
zone existing at greater depth, was formed at and immediately 
below the ground-water level. Since the water level was grad- 
ually lowering, some of these loose, leached sulphides came above 
ground water before much of the iron had been leached, and 
naturally what iron remained as sulphide was then converted to 
limonite. This gave rise to the transition zone of sandy gossan 
lying between the typical gossan and the baritic sand. By 
this time the water level was lowering very gradually, and as the 
leaching process going on somewhat below this level was leaving 
behind it in the vein a very pervious zone for water circulation, 
it kept gaining on the depression of the water level, until finally 
the material remaining at the water level was very thoroughly 
leached of its iron, the baritic sand. 

In the continuation of this process over a long period the re- 
sults naturally would be an horizon of typical gossan, in part or 
wholly removed by erosion, and ending short of the ground-water 
level. This is followed in depth through a transition zone of 
sandy gossan, by baritic sand, which in turn gives way to loose 
leached sulphides ; and, finally, the firm massive sulphide ore. And 
these are just the conditions found. 
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The following factors are believed to have an important bear- 
ing on the process: (1) as leaching proceeds, a ready channel 
for circulation of water is left behind; (2) at the bottom of the 
leaching-zone the water which has descended down the pervious 
vein channel above finds the massive sulphide ore more imper- 
vious than the enclosing wall-rock and, therefore, largely diffuses 
into the ground water, leaving the firm sulphide ore with an up- 
ward convex surface; and (3) there is both a vertical and hori- 
zontal circulation in the upper portion, at least, of the ground 
water, which is not so stagnant as some have supposed. This 
last factor is further emphasized in the paths followed by what 
downward secondary sulphide enrichment has occurred. 

6. Downward Secondary Sulphide Enrichment.—In the ab- 
sence of a marked and well-defined zone of downward secondary 
sulphide enrichment, commensurate with the depth of leaching 
and the quantity of copper removed, these deposits are also 
somewhat exceptional. That leaching of copper is still in prog- 
ress is attested by the fact that slightly acid water, carrying suffi- 
cient copper to afford a qualitative test upon concentration, is 
coming in along the immediate walls of the Americansky ore-body 
on the recently opened 200-foot level. This is 180 feet below the 
ground-water level, and some 120 feet below the bottom of the 
leached sulphides. At this mine there are no old and timbered 
workings above this level. 

The footwall schist, at the horizon of the transition from the 
zone of loose, leached pyrite into the firm, mainly unaltered sul- 
phides but also in a locus extending some 200 feet below this. 
horizon, frequently shows veinlets and film-like coatings of sooty 


chalcocite with some covellite in the act of replacing stringers: 


or a disseminated impregnation of barren pyrite. In places this. 
schist by virtue of these secondary sulphides is sufficiently rich 
to constitute ore, and occasionally assays will show a 5-foot 
width running 15 per cent. in copper; the zinc content and the 
precious metal values being very low. The distance to which 
this secondary enrichment extends into the schist appears to be 
dependent upon the character and multiplicity of the joint planes 
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and the general permeability of the schists. However, from the 
footwall of the ore-body 20 feet to 30 feet appears to be the maxi- 
mum width in which this sooty chalcocite occurs in any quantity, 
while generally 5 feet represents the total width. There is not 
always a gradual decrease in the amount of these sulphides from 
the footwall out, and often the schist immediately adjacent to the 
vein carries very little or no chalcocite while some to feet fur- 
ther out this sooty material may occur in considerable quantity 
along a pervious zone, which is making a large amount of water. 
While this development of chalcocite in the footwall schist from 
a locality opposite the zone of partial impoverishment to a depth 
as much as 200 feet below this is fairly common, this enriched 
schistose material rarely constitutes ore and ordinarily carries 
not over I per cent. of copper. 

Locally small seams of dark colored sulphides occur right at 
the hanging wall, less frequently at the footwall, of the ore 
bodies where there is a channel of water circulation by reason of 
the relatively greater permeability here, or separated from the main 
mass of the ore body by a thin tongue of schist. These seams 
are invariably much richer in copper and zinc than the normal 
ore. The microscope shows that they carry secondary chalcocite, 
covellite, and zinc sulphide replacing the pyrite, chalcopyrite, 
sphalerite, and tennantite of the typical primary ore. Some of 
these tennantite grains have the flecks of gold selenide altering 
in an external rim to native gold. These seams begin at the 
bottom of the zone of impoverished sulphides and continue to a 
depth of at least 660 feet vertical or 760 feet on the dip of the 
ore-bodies, in other words, some 600 feet below the upper sur- 
face of the ground water. They occasionally show crustifica- 
tion, are accompanied frequently by drusy cavities and at times 
are associated with stringers and bunches of gypsum and alunite. 
Veinlets and small masses of porous and vuggy quartz which 
under the microscope show no bubbles or inclusions but an occa- 
sional radial structure, are associated and contemporaneous with 
these seams. At least some of this silica is amorphous quartz. 
In no instance has this silica been observed contemporaneously 
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associated or intergrown with pyrite, chalcopyrite, or tennantite, 
and it is thus strikingly differentiated without microscopic exam- 
ination from that developed as a result of the silicification accom- 
panying the primary mineralization. It is not a rare occurrence 
to find dendritic growths of native copper carrying very little 
gold or silver in and along cracks and joints of this silica. This 
copper is 96 per cent. pure and carries 0.04 ounce gold and 0.8 
ounce silver per long ton. 

A third locus for these secondary sulphides is along and im- 
mediately adjacent to cracks and joints within the mass of the 
ore-body. This phenomenon reaches its maximum development 
in the hanging wall and especially in the footwall portions of the 
veins. These fractures generally show little or no water circu- 
lation and it is extremely rare to find them carrying even a thin 
film of secondary sulphides, and one must resort to the micro- 
scope to show in the massive ore immediately adjacent to the 
fractures the presence of chalcocite, covellite, and zinc sulphides 
eating into and replacing pyrite, chalcopyrite, and sphalerite. 
This phenomenon has been noted in the extreme lower portion 
of the zone of partial impoverishment and extends, with decreas- 
ing development, to a vertical depth of 660 feet at least. It 
reaches the greatest development, however, in the upper portion 
of the zone of firm massive sulphides, that is, from the extreme 
lower limit of the zone of partial impoverishment to a depth 
some 200 feet greater vertically. Over this zone in the Koniuk- 
hoff ore-body a large number of typical samples revealed a 
variation in the copper and zinc content across the ore-body with 
a distinct though small enrichment in the hanging and footwall 
portions of the ore-body. Below this zone numerous samples 
and the analyses of drill-hole cores have not shown a similar 
variation, but suggest in the average an even transverse distribu- 
tion of copper and zinc values. While microscopic study shows 
that chalcocite and covellite are replacing the primary sulphides 
within the massive ore this positive enrichment in copper has 
been too slight to very materially affect the average tenor of 
the ore. This is well illustrated in the case of the Koniukhoff 
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ore-body where that horizon showing transverse variation in 
copper and zinc values and greatest enrichment as determined 
microscopically, has averaged only slightly higher in copper con- 
tent than the deeper mining development or the drill holes at a 
vertical depth of 1,000 feet indicate for the ore at greater depth. 

So far as known these severed localities of secondary enrich- 
ment contain all the copper and zinc leached from the still existing 
upper as well as the eroded portion of the ore-bodies that have 
not been lost by dispersion through the wall-rocks. While 
definite figures cannot be given, it appears certain that the over- 
lying portions of the ore-bodies originally contained far more 
copper and zinc than is represented by these relatively unim- 
portant enriched materials, and it seems necessary to conclude 
that a large portion of the copper leached from the upper por- 
tions of the veins has suffered diffusion and dissipation through 
the more permeable country rock. 


C. ALTERATION OF THE WALL ROCK. 

The rock composing the belt of schist which forms the locus 
of the pyritic copper ore-bodies consists predominantly of plagio- 
clase (generally andesine), uralite, actinolite and diallage with 
some chlorite, epidote and quartz as well as a little magnetite 
and ilmenite. Much of the andesine shows alteration to zoisite 
and albite. In addition to the schistose character of the rock, 
pressure effects are well marked in the broken and shattered 
feldspar, and the undulatory extinction of the quartz. 

In that longitudinal portion (mineral district) of this schist 
belt in which all the ore-bodies are concentrated, the normal 
uralite schist is largely replaced by numerous more or less paral- 
lel zones of thinly-foliated, fissile, so-called chlorite- and epidote- 
schist. Some of these zones form the envelopes of the ore- 
bodies, while others carry only bands of pyritized and silicified 
schist. This schist carries somewhat more chlorite and epidote 
than the normal uralite schist, together with shreds of calcite, 
some secondary quartz and pyrite, and a little rutile. The 
pyrite and rutile have replaced in a large degree the magnetite 
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and ilmenite. This pyrite generally shows crystal faces and is 
mainly, at least, confined to remains of the original iron-bearing 
minerals. Pyrrhotite has never been observed. There appears 
little difference between this so-called chlorite- and epidote-schist 
and the uralite-schist, with the exception that the former carries 
a little less magnesia and soda, and more sulphur, carbon dioxide, 
and water than the latter. Whether the chlorite- and epidote- 
schist is a dynamo-metamorphic phase of the uralite-schist, which, 
owing to its greater foliation and fissility, formed a more per- 
meable zone for the mineralizing solutions, or is the result of 
metasomatic alteration of the wall-rock during the ore deposition 
is not certain. However, immediately adjacent to the ore-bodies 
it is clear that metasomatic processes have developed the sericite- 
schist. 

In this chlorite- and epidote-schist 4s the vicinity of the ore- 
bodies is approached, the plagioclase begins to give way along 
cracks to sericite and quartz. This change gradually increases 
in amount toward the ore-bodies and, with the replacement of 
the ferro-magnesian silicates by sericite and quartz, the rock 
passes into a whitened and bleached schist with a silky luster ana 
composed principally of sericite, quartz, and pyrite. This seri- 
cite-schist is not only everywhere impregnated with pyrite, but 
frequently carries veinlets of granular, anhedral pyrite, and the 
chemical determinations indicate that the pyrite present in this 
phase is in excess of that warranted by the original iron content 
of the schist and it is inferred that the introduction of iron has 
occurred. The sericite and secondary quartz occupy the moulds 
of the minerals they have replaced, but secondary quartz also 
occurs as veinlets throughout the rock as well as fringes around 
the original quartz grains, which are readily distinguished by 
their undulatory extinction. The pyritization of the rock in- 
creases as the walls of the ore-bodies are very closely approached 
and passes rather abruptly or, in a few localities, somewhat 
gradually into a complete replacement of the schist by sulphides 
where the ore is found. 

It should be noted that some of the sections showed needles 
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of tourmaline, but this mineral was observed in the original 
uralite-schist, the chloritic phase, as well as the strongly silici- 
fied, sericitized and pyritized alteration product at the immediate 
walls of the ore-bodies. Wherever records were kept of the 
exact locality of the thin sections in which this tourmaline occurs 
there proved to be a quartz vein cutting the schist at that locality. 
This vein quartz shows the effects of dynamo-metamorphism and 
often carries tourmaline, hornblende, and augite contemporane- 
ous with the quartz. It is, therefore, believed that the tourma- 
line is the result of an older and deeper-seated mineralization 
than that which produced the pyritic ore-bodies. 

The chemical character of the three types or phases of the 
schist is illustrated by the following analysis: 


48.50 48.60 | 58.70 

18.10 18.60 20.45 
4.66 0.96 | O.1I 
4.86 3-20 | 2.05 
7.10 7.55 0.50 
5.67 3-55 Tr. 
Nil ar, | 1.88 
6.64 4:37 3-38 
0.12 1.05 0.14 
0.38 2.96 1.05 
2.46 4.61 0.02 
0.10 1.50 
0.12 3.83 9.58 
Nil af. 0.36 

98.61 99.38 90.72 


1. Fresh uralite-schist from a vertical depth of 420 ft. and 
100 feet from the Americansky ore-body. 

2. The so-called chlorite- and epidote-schist from a vertical 
depth of 470 feet and 15 feet from the Americansky ore-body. 

3. Sericite-schist from a vertical depth of 520 feet and 2 feet 
from the Americansky ore body. 

In the metasomatic alteration of the chlorite- and epidote- 
schist to the sericite-schist there has been a distinct leaching of 
calcium, magnesium, sodium, and carbon, a loss of ferrous and 
ferric oxides and a decided increase in pyrite. A distinct in- 
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crease in silica and the introduction of potassium and probably 
iron together with some barium and copper occurred. 


SUMMARY. 


The large salient and, in part, comparatively unique features 
shown by this group of ore-bodies may be recapitulated as 
follows: 

The ore-bodies normally show four distinct and roughly hori- 
zontal and parallel zones as viewed in a vertical longitudinal pro- 
jection. From the outcrop down they may be designated as: 
(1) the gossan which extends from the surface to a maximum 
depth of 40 feet, and which ends short of the ground-water level ; 
(2) the zone of loose baritic sand with a locus lying from the 
bottom of the gossan to a maximum depth of 200 feet, and which 
for the greater portion, lies beneath the upper surface of ground 
water; (3) the loose impoverished sulphides which extend from 
the bottom of the baritic sand to a maximum depth of 240 feet 
where they gradually pass into (4) the underlying firm, massive, 
mainly unaltered and primary sulphide ore. 

Downward secondary sulphide enrichment in copper does not 
occur in the form of a thin, well-developed and commercially 
important horizontal zone at the top of the primary sulphide ore, 
but has taken place to a relatively slight degree along the wall 
portions of the ore-bodies in decreasing amount to a depth at 
least 600 feet below the upper surface of ground water. At this 
depth in bands a few inches or less in width localized to the 
lateral portions of the veins and along cracks and joints in the 
massive primary ore, secondary chalcocite, covellite, and zinc sul- 
phide are found replacing the primary sulphides. 

The massive primary sulphide ore shows a progressive longi- 
tudinal variation in relative mineralogical composition from a locus 
of maximum intensity of replacement by pyrite near the central 
portion of the ore-body outward towards the extremities. A 
similar variation is indicated in the vertical plane from the upper 
portion of the massive sulphide ore downward to the greatest 
depth yet reached. 
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The deductions may be summarized as follows: 

The gossan is regarded as the result of normal processes of 
oxidation acting upon the massive sulphide ore above the ground- 
water level. The baritic sand and loose impoverished sulphides 
are believed to be the result respectively of complete and partial 
leaching beneath the upper surface of the ground water by de- 
scending surface water charged with oxygen but too diluted and 
diffused to produce complete oxidation and fix the iron as limo- 
nite—the iron sulphate and much of the copper sulphate gen- 
erated being lost through diffusion into the wall-rock which is 
more permeable than the firm massive sulphide ore. This leach- 
ing has taken place as much as 135 feet below the ground-water 
level. A distinct circulation both vertical and horizontal in the 
upper portion, at least, of the ground water is suggested, when 
there is a marked difference in relative permeability of the rock 
mass in one direction over that in another. It is believed that a 
distinct downward circulation of water along the very pervious 
vein occurs beneath the water level until the impervious firm 
massive sulphide ore is reached and here the adjacent wall-rock 
becomes the more pervious. This is believed to explain the ab- 
sence of a well-defined horizon of downward secondary sulphide 
enrichment in the upper portion of the massive sulphide ore, and 
the presence of such a horizontal zone in the adjacent somewhat 
pyritized wall-rock. Furthermore, a still deeper downward 
movement of water along the pervious walls of the ore-bodies is 
believed to have produced the positive though slight secondary 
enrichment in both copper and zinc at a depth of 600 feet, at 
least, below the ground-water level. 

The character and mineralogical composition of the ore, the 
nature of the hydrothermal alteration, and the relative physical 
characters of the adjacent wall-rock indicate that the deposits 
have been formed subsequent to the last regional metamorphism 
through metasomatic replacement of the schist along sheeted 
and more intensely foliated zones; and that the replacement ot 
the schist took place band by band, during a distinct mineralizing 
epoch, by solutions progressively changing in composition and 
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depositing a series of sulphide minerals in the order of decreas- 
ing iron, increasing copper content, and thus preserving the orig- 
inal banding of the schist by a difference in the relative propor- 
tions of the several ore-minerals in bands successively replaced. 
It is believed that the progressive longitudinal variation in the 
composition of the massive sulphide ore indicates that a locus of 
maximum mineralizing intensity occurred near the middle por- 
tion of the ore-bodies; and that the somewhat similar vertical 
variation suggests that this locus continues downward. In the 
absence of minerals characteristic of the other zones of ore dep- 
osition in the ore or adjacent altered country-rock, and the pres- 
ence of sericite, barite, and quartz it is concluded that the mineral- 
ization was affected by hot alkaline solutions at a temperature 
and pressure corresponding to what Lindgren calls the interme- 
diate depth.?? 
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COPPER DEPOSITS IN THE “RED BEDS” OF TEXAS. 
Louis M. RicHARD. 


INTRODUCTION. 


A general reconnaissance of the Permian in Texas was under- 
taken by the writer during a portion of the year 1914. The plan 
of the work provided for a detailed examination of outcropping 
bodies of clay, shale or other rock materials likely to lend infor- 
mation concerning the areal occurrence, deposition and conserva- 
tion of the ores of copper in this region. 


LOCATION. 


The area to which this article refers is a part of north-central 
Texas, comprising the counties of Hardeman, Knox, King, Has- 
kell, Fisher, Baylor, Throckmorton, Jones, Wilbarger, Taylor, 
Wichita, Archer and Clay. While the region has been visited 
from time to time by persons interested in the copper deposits or 
by those studying the stratigraphy and structure as a basis for oil 
and gas investigation, it has received very little detailed attention 
from geologists. In 1852 Dr. Geo. C. Shumard accompanied by 
R. B. Marcy visited the northern part of the section enroute to 
Palo Duro Canyon. Later W. F. Cummings made detailed cross 
sections at a number of important points in order to establish re- 
liable data concerning the stratigraphy. In 1912 C. D. Gordon 
visited the region while engaged in water supply investigation. 

The literature concerning the region consists chiefly of papers 
written by individuals and pubished in the various scientific jour- 
nals. The following list comprises the most important articles 
which bear on the subject. 


Adams, G. I., “ Stratigraphic Relations of the Red Beds to the 
Carboniferous and Permian in Northern Texas,” Bull. Geol. 
Soc. America, Vol. 14, 1903. 

Cummins, W. I., “The Permian of Texas and its Overlying 
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Beds,” First Ann. Rept. Texas Geol. Survey, 1898. 

Gordon, C. H., Girty, G. H., and David White, “The Wichita 
Formation of Northern Texas,” Journal of Geology, Vol. 19, 
IQII. 

Marcy, R. B., “ Explorations of the Red River of Louisiana,” 
1852. 

Notes on the geology of northwest Texas: Fourth Ann. Rept. 
Texas Geol. Survey, 1892. 

Professional Paper No. 68. U.S. Geol. Survey, 1910. “The 
Ore Deposits of New Mexico,” by Waldemar Lindgren, L. C. 
Graton, and C. H. Gordon. 

Second Ann. Rept. Texas Geol. Survey, 1891. 

Schmitz, E. J., “Copper Ores in the Permian of Texas,” Trans. 
Am. Inst. Min. Eng., Vol. 26, 1896. 

White, C. A., “On the Permian Formation of Texas,’ Am. 
Naturalist, Vol. 23, 1889. 

W. S. Paper 317, U. S. Geol. Survey. 


PHYSIOGRAPHY OF THE PERMIAN IN TEXAS. 

The great physiographic province which extends practically 
from the base of the Great Plains eastward to the line of the Coal 
Measures may be characterized as the “ Red Beds Plain.” It is 
a region of prevailingly horizontal strata, a land of plains and 
mesa scenery, of broad level platforms stretching away for miles 
to meet the horizon in an orderly, symmetrical and monotonous 
fashion. The strata are composed of beds of limestone, gypsum, 
sandstone, shale and clay the surface of which now lies approxi- 
mately 1,800 feet above sea level, but the character of whose 
sediments show that they were accumulated beneath the sea and 
in the more or less quiet waters of estuaries and enclosed lagoons. 


GEOLOGY. 
AGE AND CHARACTER OF THE ROCKS, 


Three principal systems of rocks are exposed in the area repre- 
senting three of the periods of geologic time—the Pennsylvanian, 
the Permian and the Quaternary. The Permian represented by 
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three divisions classified, according to Cummins, as Wichita, 
Clear Fork and Double Mountain. 

The foundation rocks of the region are Carboniferous of Penn- 
sylvanian age, lying in nearly a horizontal position but with a 
slight dip to the west approximating twenty-five feet to the mile. 

Erosion is effective, especially in the form of wind, and owing 
to the aridity of the climate its attack is vigorous and persistent. 
Sudden downpours of torrential showers add greatly to the ever- 
present processes of earth sculpture. The “Red Beds” show 
great variation in their ability to resist erosion, and this condi- 
tion may be observed in the breaks and bluffs bordering the su- 
perior lines of drainage. Alternating beds of hard and soft 
strata characterize those portions of the area having greater topo- 
graphic relief. The dendritic drainage in the breaks and “bad 
land forms” works its way rapidly into the softer strata and 
occasionally cuts off a portion of a narrowed plateau, making 
of it a solitary peak. Examples of this are strikingly exhibited 
in such sentinels as Buzzards and Kiowa Peak. Owing to the 
different colored strata composing the land forms, a wealth of 
gorgeous coloring and architectural details are developed, the 
colors, for the most part, being shades of red, brown, blue, gray 
and yellow. 

CARBONIFEROUS. 

The Pennsylvanian series, which underlies the region under 
discussion and outcrops at its most eastern edge, is of interest 
in so much as it affords opportunity to furnish key rocks upon 
which certain stratigraphic deductions can be made. On account 
of the obscurity which exists relative to a sharp and definite line 
of contact between the Pennsylvanian and the Permian the writer 
has accepted the classitication according to Cummins and consid- 
ered the Wichita division as representing the lowest member of 
the Permian, as this is the oldest formation in which there is 
record of copper ores having been observed. 
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PERMIAN. 
The Wichita Division. 


The Wichita division is composed of shales, clays and unin- 
durated sandstones of various shades of red and blue with an 
occasional yellow cast. Iron concretions are found in abun- 
dance, irregular in shape. Some are roughly nodular and elon- 
ated while others are tabular. Thin layers of conglomerate hav- 
ing a ferruginous cement are occasionally observed. Much cross- 
bedding is noted. Characteristic Permian fossil plants are to be 
found in many places in the sandstone and representative speci- 
mens from several localities have been collected by David White 
of the United States Geological Survey. 

The Wichita division weathers into broad subhorizontal sur- 
faces with here and there a sharp scarp line and many “bad 
land” forms, locally termed breaks, which are clearly the result 
of persistent destructional processes. Beyond the confines of 
the breaks the land surface merges into a condition of long low 
easy swells, like the broad undulations of an ocean bottom, hardly 
perceptible except when viewed in profile. 


Clear Fork Division. 


Conformably resting upon the Wichita division lies the Clear 
Fork division composed of shale beds, clays of somber hue, lime- 
stones and sandstones. The clays and sandstones are for the 
most part dark reddish in color and frequently banded with layers 
of blue clay ranging in thickness from an inch to five feet. A 
few thin bands of gypsum are oftentimes associated with minute 
grains of sodium chloride scattered promiscuously through the 
shales. According to the logs of a number of deep wells drilled 
in the Clear Fork the red shales seem to disappear at depths less 
than two hundred feet, and blue and darker colored shales pre- 
dominate to fifteen hundred feet, when alternating beds of red 
and brown shale are again encountered. Fossil plants are scarce 
and are limited to the remains of grasses, reeds, ferns and plant 
stems. 
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Double Mountain Division. 


The Double Mountain division is composed of limestones, 
sandstones, red and blue shales, clay, and thick massive beds 
of gypsum. The limestone, generally magnesium, varies in thick- 
ness from thin seams to more than twenty feet and in many 
places is filled with small broken particles of carbonized wood 
lying in juxtaposition. A greater portion of the clays and shales 
are impregnated with banded layers of gypsum as stringers, 
sheets and bunches of biscuit-like concretions. Certain red clays 
have small specks of blue and white clay scattered throughout the 
mass. The sandstones are friable and break down readily under 
the influences of weathering. The sedimentation is practically 
horizontal and most uniform with seams of blue clay only a few 
inches in thickness persisting for great distances in the beds of 
red clay between sharp lines of demarcation. 


QUATERNARY, 


A great portion of the area under consideration is covered bya 
thin mantle of conglomerate which increases in thickness toward 
the west and to which reference has been made as the Seymour 
grits. The formation is well represented in portions of Stonewall 
County where it attains a thickness in excess of fifteen feet. 

The conglomerate is composed of rounded and angular frag- 
ments of hard dense quartzite, generally clear, cemented here 
and there by a ferruginous material which breaks down readily. 
It varies in hardness from place to place, ranging from a hard 
silicious composition to a matrix composed of fragments loosely 
cemented and easily disintegrated from which the matrix easily 
crumbles. The composition of the grits is generally of the same 
nature everywhere and includes numerous small bits of magne- 
tite, particles of white and pink quartz, angular and rounded frag- 
ments of schist, and occasional pieces of coarse reddish granite 
with a sprinkling of cream colored silicified wood often of jas- 
peroid character. 
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OCCURRENCE OF COPPER. 


Copper has been known to exist in the “ Red Beds” of Texas 
for a great number of years, and many evidences are found to 
show that early attempts were made to mine the clays. Remains 
of crude smelters, abandoned circular shafts, old tunnels, drifts, 
and dilapidated stone houses point to a period of early explora- 
tion. As early as 1852 buffalo hunters and pioneers noted the cop- 
per in the clays and the presence of nodules near the mouth of 
ravines. General Geo. B. McClellan, who accompanied Captain 
Marcy in his exploration of the Red River in 1852, noted the 
ores and later organized a company to exploit the clays. Deep 
drill holes were put down with the idea of striking richer ores 
below, but these attempts proved fruitless. 

Copper is present in all three divisions of the Permian at 
particular horizons. Detailed study of the copper shale beds 
shows an alignment in each division trending in a northeasterly 
southwesterly direction. The great linear extent of the expo- 
sures and natural outcrops as compared with the narrow width 
in each division suggests that the arrangement of the numerous 
deposits has been dependent upon the topography at the particu- 
lar periods in which the deposit was formed. The intimate and 
invariable connection and concentration of the copper with plant 
life and carbonaceous matter as well as the abundance of shallow 
syncline basins in the vicinity of practically every, deposit would 
tend to show shallow basins or stagnant water conditions. 

The total amount of copper held in the beds of all three divi- 
sions is considerable. 


THE COPPER DEPOSITS OF THE WICHITA DIVISION. 


The copper deposits of the Wichita division, as at present de- 
veloped, are confined to a few localities, outcropping principally 
in the breaks of the Big and Little Wichita Rivers in Archer, 
Montague, Clay and Wichita counties. 

The country rock consists of reddish and blue clay and sand- 
stone with which is associated subordinate limestone and other 
sedimentary rocks. 
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The most conspicuous outcrops are found in the central part 
of Archer County near Archer City and on which attempts were 
made by The Boston and Texas Copper Co. a number of years 
ago to reclaim the ores by lixiviation. A small plant was erected 
and operated for a short time with a slight production but was 
subsequently dismantled. 

The principal mining developments are in general small con- 
sisting of surface trenching, pits and slight tunnel work where 
the nature of the topography permitted. In the vicinity of the 
deposits the surface is conspicuously altered by oxidation. Cop- 
per is observed in the form of nodules of chalcocite, which is 
the primary ore, coated with superficial layers of the secondary 
products of oxidation, azurite and malachite. As a result of 
the oxidation of the contained copper sulphide the clays are 
stained a light bluish green. At the portal of a slight tunnel a 
piece of sandstone was observed carrying chalcocite as small 
black impregnations evidently replacing a kaolinitic cement. Most 
of the larger pieces of chalcocite were found to be pseudomorphs 
after wood of small cross section, such as twigs, stems and 
branches. The deposits, as a whole, are most intimately related 
to the occurrence of clay and form irregular undulating lenses 
of uneven thickness. The distance from the surface of the 
ground to the bottom of the clay does not vary widely and is at 
no place greater than thirty feet and is not definitely related to 
the present topography. In the vicinity of each pit and trench 
local dips of the strata give the impression of small synclinal 
basins. 


COPPER DEPOSITS OF THE CLEAR FORK DIVISION. 


The disseminated copper deposits in the clays and sandstones 
of the Clear Fork are similar in many respects to the occurrence 
of the deposits in the Wichita division and are found outcropping 
in the counties of Baylor, Throckmorton, Haskell, Jones and 
Taylor. 

The ore bodies are found mainly in the bluish colored clays 
and rarely occur in the sandstone. They lie a few miles west 
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of the supposed Carboniferous Permian contact and trend almost 
parallel to this contact in a northeasterly-southwesterly direction 
for a distance of approximately ninety miles. At numerous 
places along this line of outcrop prospecting, in a desultory man- 
ner, has revealed the presence of these ores associated with clays 
in the low rolling reddish hills and in the breaks. The principal 
areas which have been prospected are near the towns of Avoca, 
Leuders, Buffalo Gap and Seymour. Within the Avoca area 
prospecting by systematic drilling has shown the presence of 
lenticular ore bodies and glebes. These are somewhat disconnected 
but have a total length of about two thousand feet and vary 
from one hundred to several hundred feet in width. The layers 
of clay are undulating and show no relation to the present topog- 
raphy. The depth to the ore varies from surface outcrop to 
twenty feet. The important ore constituent is chalcocite which 
has almost entirely replaced wood as a pseudomorph. Malachite 
and azurite extend to the bottom of the deposits and throughout 
the clay as small specks and as coatings of a superficial nature 
around the pseudomorphs of wood. The beds of clay vary from 
two to four feet in thickness and carry an average copper con- 
tent of 4.06 per cent. the greater percentage of which is at the 
bottom of the stratum. Local tilting of the sandstone forma- 
tion in the vicinity of the beds is observed of a shallow synclinal 
nature. Thin beds of clay carry copper outcrop in many places 
along California and Plum Creek and in the breaks of the Salt 
Fork and South Wichita River. About five and one half miles 
northwest of the town of Seymour in Baylor County several 
excavations have disclosed the presence of cupriferous clays which 
carry notable amounts of copper as pseudomorphs after wood 
of large cross section. The copper seems to replace the wood 
almost entirely and is very nearly pure glance. 

Near this deposit in a shallow basin-like depression a great 
quantity of iron pseudomorphs after wood were noticed in an 
ashy bed of silicious material in which a great deal of limonitic 
material remained as an alteration product. Copper salts were 
entirely absent. 
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ANALYSES OF CLAY STRATUM IN THE Avoca AREA, 
(Henry A. Tobelmann, chemist.) 


iron’ (Re) 1.80 per cent. 
Silica. AGIOS) vite 41.40 per cent. 


ANALYSES OF CHALCocITE NoDULEs. 
(Henry A. Tobelmann, chemist.) 


ANALYSES OF CHALCOCITE PSEUDOMORPH AFTER Woop. 
(Kansas City Smelting and Refining Co., El Paso, Tex.) 


Numerous assays for gold and silver showed that the clays carry no gold 
and the silver content of the Texas clays runs from .1 to 5 ounces per ton. 


COPPER DEPOSITS IN THE DOUBLE MOUNTAIN DIVISION. 


Stratigraphically the highest Permian division in the region is 
an accumulation of thick and massive bedded deposits of gypsum 
and reddish clays and cross bedded sandstone laying conformably 
above the Clear Fork division and outcropping in the extreme 
western portion of the area and being well represented in Stone- 
wall, King, Knox and Hardeman counties. 

Trending through these counties in a northeasterly direction 
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is a low range of gypsum hills with eastward-facing scarps 
easily distinguished by their color and relief. Their upper por- 
tion is made up of hard limestone and layers of gypsum beneath 
which are varieties of red and blue clay appearing as a gentle 
waste-covered slope. The lower part consists chiefly of alter- 
nate layers of hard sandstone and soft clay which make long 
step like successions of low bluffs each corresponding in height 
to the thickness of the determining beds. 

Erosion is active upon the soft beds of unindurated clays, and 
sandstones and numerous buttes and sentinel peaks are formed as 
a result. Cross-bedded red sandstone of uniform grain is ex- 
posed in nearly every minor line of drainage. The structure of 
the Double Mountain beds is simple and regular. The beds dip 
toward the northwest conformable with that of the major forma- 
tions. 

The area is drained primarily by two main eastward-flowing 
streams, the Salt Fork and the Double Mountain Fork of the 
Brazos River, together with numerous short gulches which con- 
tain running water only during the time of heavy rains. The 
two larger streams are, however, perennial though the water 
seldom rises to the surface of the stream bed during the summer 
months, 

THE COPPER. 


The copper throughout the Double Mountain division lies at 
or near the base of the gypsum hills in the nearly flat clay de- 
posits having sinuous outcrops which retreat far into the hills. 
and are cut here and there by small gulches and arroyos. 

The occurrence of the outcrops in their northeast-southwest 
course is of great longitudinal extent and covers a distance of 
about seventy-five miles. Throughout the area the copper is as- 
sociated with carbonaceous matter especially carbonized and fos- 
silized wood, plant stems and grasses. Lesser amounts are found 
as nodules and impregnations in limestone and sandstone. Cer- 
tain varieties of silicified wood contain appreciable amounts of 
copper in the form of chalcocite. Malachite is observed as a 
coating on the bones of prehistoric animals occasionally washed 
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from the Triassic beds further west and which have found lodg- 
ment in the clay beds below. Copper is also noted as a thin 
coating on crusts of selenite having a beautiful pale greenish 
color. Azurite develops a beautiful moniliform structure on the 
surface of many concretions of limestone. 

The beds of bluish clay in which the copper is encountered 
range from two to four feet in thickness and contain a very 
large amount of coarsely honeycombed carbonaceous material 
which resembles charcoal. This character of charcoal accom- 
panies practically every deposit but does not in all cases carry 
cupriferous material. Close examination of the clays at the breasts 
of old tunnels showed faces highly colored with salts of copper 
in the joints and clay seams, which when opened revealed the 
faithful reproduction of the contained plant stem highly colored. 
Drifting in the faces of these tunnels for a few feet to note the 
extent of oxidation generally showed the clay to be more com- 
pact and disclosed the presence of the primary ore of chalcocite. 

In the west bank of the Salt Fork River a short distance below 
the ranch house of J. Crow and on the underside of a high over- 
hanging limestone bluff impregnations of chalcocite were discov- 
ered forming innumerable teats, lobes and cysts. These, when 
broken, were found to be almost pure chalcocite, and for a dis- 
tance of several hundred feet below this bluff many fragments 
of nodular chalcocite were obtained. Close examination of the 
underside of the overhanging limestone showed it to be fairly 
well impregnated with chalcocite. Here and there from a more 
concentrated portion hung a lump of purer sulphide in similar 
fashion to a drop of resin hanging from a pine board ceiling on 
a hot summer day. 

About one mile south of Kiowa Peak in the south bank of a 
large dry wash near an old road crossing, a persistent stratum 
of clay was noted having a linear extent of about sixteen hundred 
feet and from two to eight feet in thickness in which the salts of 
copper had stained the clay a bright green. The ore occurred 
mainly as an alteration product of chalcocite in fossil remains of 
carbonized wood and as concentric layers around the periphery 
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of large biscuit-like nodules of an impure limestone. Many of 
the nodules were twelve inches or more in diameter. Large 
quantities of azurite were noted as excrescence crystals on lime- 
stone and as small plates and clusters. The average copper con- 
tent of the entire stratum was found to be 3.7 per cent. 


OTHER OCCURRENCES OF COPPER. 


Approximately twelve miles northwest of Knox City in the 
vicinity of Buzzards Peak and twenty-two miles northeast of 
Kiowa Peak numerous beds of copper clay occur. On the ranch 
of Joseph Tackitt a copper-bearing lens was observed in which 
copper occurs as large nodules of chalcocite and as impregnations 
in a cellular form of charcoal. The chalcocite as dug from the 
clay matrix showed very little oxidation and was almost theoret- 
ically pure glance. In those places where the nodules were ob- 
tained in greatest abundance very little fossil wood was ob- 
served. 

Several miles north of this locality and in the rear of the ranch 
house of Wm. Craig a four-foot stratum of copper-bearing clay 
has been exploited for commercial purposes to a limited extent. 
A typical syncline basin exists having a diameter at the widest 
place of several hundred feet. The strata slopes to the center 
from all sides and carries an average copper content of four per 
cent. About two miles west of this outcrop another bed of 
cupriferous clay occurs at the base of a gypsum bluff in which 
the copper is found in association with carboniferous material 
having a well developed cellular structure. Large pieces of this 
cellular charcoal were uncovered during the progress of pros- 
pecting which was found to be honeycombed in a rectangular 
manner with intervening ribs and partitions covered with a thin 
coating of selenite. Chalcocite impregnated the material in small 
veinlets crossing each other at right angles. Carbonized wood 
excavated near the surface showed considerable malachite and 
beads of azurite. Portions of the charcoal were very fine grained 
and after drying burned with a low calorific intensity. 

Nine miles west of Foard City in the south bank of the Wichita 
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River a small bleb of charcoal was observed in a clay bed carry- 
ing the sulphides of iron and galena in the same fashion as the 
chalcocite. 
RESUME. 
GENERAL DISCUSSION OF DEPOSITS. 

The intimate and extensive association of copper in the “ Red 
Beds” of Texas with layers and stratas of clay is of peculiar 
interest. The clay has been accumulated entirely as sediments, 
washed into the area along with many impurities. It varies 
widely in its nature, even in the same formation and within small 
areas, due directly to the variation and velocity of currents in 
the bodies of water where it was deposited. Variations in the 
currents at the same point have produced alternating beds of 
clay and sand and at a number of places this condition has been 
extensive and large lenses of clay are developed, free from sand, 
and surrounded by coarse sand beds. The character of the 
cupriferous clay beds is both hard and soft. In the Double 
Mountain division the clays are soft while in the Clear Fork di- 
vision they run more to shale and hard rock conditions. No 
clays or kaolin of great purity were found. 

The impurities noted in the clays are silica, iron oxide, iron 
sulphide, lime, magnesia, potash, soda, sulphuric acid, phosphoric 
acid and organic matter, etc. The minerals present in the beds 
containing these impurities are quartz, limonite, calcite, gypsum. 
Alkalies are present as the fixed alkali, potash and soda and the 
volatile alkali ammonia. 

Ammonia.—This substance has existed in the clay beds in 
large quantities and owing to the decomposition of the vegetable 
matter contained in the beds it has been absorbed with great 
avidity. 

Alkalies.—The fixed alkali potash and soda are present in small 
amounts in all of the clays. The presence in the clay, therefore, 
of varying amounts of undecomposed or even partly altered 
feldspar would be sufficient to account for the alkalies found in 
greater or less quantities. In a few cases the potash or soda is 
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present in the form of soluble salts which may be derived from 
the decomposition of feldspar as potassium carbonate or intro- 
duced by percolating water. In areas of little rainfall, where 
evaporation exceeds precipitation, they become concentrated near 
the surface. In some cases iron sulphate has been decomposed 
by chemical reaction taking place and sulphuric acid set free. 
The free acid quickly attacks the clay base and if soda or am- 
monia is present, gives rise to soda or ammonia alums. This 
condition is well represented by a deposit of potash alum occur- 
ring near the northwest side of the Great Plains in New Mexico, 
a few miles west of Tucumcarie and near the abandoned town 
of Isadore. 

Iron.—The mineral compounds which may serve as the sources 
of iron in the copper clays are as follows: 

Oxides: Limonite, hematite, magnetite. 
Sulphide: Pyrite, marcasite. 
Sulphate: Melanterite. 
Carbonate: Siderite. 

Of the oxides, limonite and hematite are frequent impurities 
and have in many cases been introduced into the beds from the 
surface by percolating waters. The iron oxide has colored 
portions of the beds shades of red and yellow. Pyrite is not 
frequently met with but occurs here and there sparingly. Near the 
ranch of L. C. Black located about nine miles west of Foard 
City surface outcrops of a thin platy limestone were observed. 
These carried percentages of disseminated pyrite but for the most 
part were impregnated with small specks of galena scattered 
throughout the member, in Some cases constituting as much as 
five tenths of one per cent. of the mass. 

In many places the pyrite has become oxidized to the soluble 
sulphate of iron, and many clays have an inky taste due to this 
decomposition. In all the classes of iron compounds mentioned 
abdve, the iron is present in one of two conditions, viz., as a 
ferrous or ferric salt. Ferric silicate may be an original mineral 
impurity, but as many ferric compounds result from the oxida- 
tion of ferrous carbonate or ferrous hydrate it is thought that 
ferric silicate is not an original constituent. 
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The presence of ferric hydrate in the clay stratas increases its 
absorptive power for gases and solutions. 

The copper clay beds vary in color and may be red, brown, 
blue, gray or yellow depending, in part, upon the relative amounts 
of ferrous or ferric salts present. 

Lime.—In the clay beds proper, lime is a common impurity 
and is present in practically all of the clay beds carrying copper. 
It is present in the simple carbonate, limestone and calcite and 
in the double carbonate as dolomite and as the sulphate, such as 
gypsum. In the form of carbonate it is a primary constituent, 
and as sulphate it is of very likely secondary origin resulting 
from chemical action in the clay. Since there is some doubt 
as to the origin of the clay wholly from feldspathic rocks, 
the presence of lime silicate is doubted as a primary constituent. 
The calcium carbonate is a very large component of the clays, 
and it is likely that some of the copper bearing clay deposits 
have been derived wholly or in part from limestone areas. 
All of the deposits visited contain calcium in the form of gyp- 
sum, the hydrated calcium sulphate. In the vicinity of the 
massive gypsum deposits the percentages are greater, due very 
likely to infiltrations from percolating waters highly charged with 
the salt. The gypsum discloses its presence in the clay in the form 
of stringers, thin sheets, lenses, crystals and masses of the trans- 
parent selenite. It also occurs in masses of parallel fibre filling 
cracks and cavities in the clay stratum. 

Lime may also have been introduced into the clay by absorp- 
tion. Instances are recalled where the shale and clay beds rested 
on limestone formations in which the bottom of the clay bed was 
highly calcareous and the copper percentage increased. This 
may be accounted for by the influence of percolating waters 
which have been soaked up into the clay. Where slight tilting 
of the local strata occurs resulting in the formation of basins, 
troughs and slight depressions, opportunity has been afforded 
for the collection and retention of clays settling in these areas 
of submersion. Varying degrees of concentration of copper so- 
lutions either remaining in these enclosed basins or present as 
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percolating water would readily enter the clay and be dissipated 
throughout the clay lens. 

Magnesia.—Magnesia occurs in practically all of the copper 
clay beds and is derived from the same classes of compounds as 
lime, viz., carbonates and sulphates. Magnesium sulphate or 
epsom salts is frequently met with not only in the pulverulent 
form as a coating on rocks but as a contaminating impurity in 
surface and underground water. 

Organic Matter—This is a common impurity in most all of 
the clay beds and a constant associate of practically every cuprif- 
erous clay deposit throughout the “ Red Beds” not only in the 
United States but in Europe. It imparts to the clay a dark color 
ranging from brown to blue. The organic matter consists of 
divided pieces of plant tissue, large stems, reeds, leaves, branches, 
limbs, tree trunks, stumps and the accompanying gases due to 
their decomposition. The wood as a general rule is well car- 
bonized, fine of grain and often of a lustrous black color giving 
the appearance of charcoal freshly drawn from a kiln. 

It is not likely that the woody fibre was charred prior to its 
introduction into the clay beds. 

After heavy floods in the Flint River in South Georgia the 
writer has observed large logs, roots and stumps of trees washed 
upon sand spits from areas in which they had long been em- 
bedded. Examination of these logs revealed a saturated condi- 
tion of sulphurous acid resulting from the oxidation of the con- 
tained pyrite with here and there bunches and clusters of iron 
salts. Slabs were loosely peeled from the periphery of the logs 
which were the counterpart of slabs met with in the clays of 
the ‘‘ Red Beds” of Texas. A cross section of these logs showed 
a periphery of thorough carbonization decreasing gradually to- 
ward the center of the log to a condition of unaltered wood fiber. 
The texture of the log might be likened to that of firm wax the 

portion of which could be shaved with a knife. 


ARRANGEMENT OF COPPER CLAY BEDS. 


The copper deposits may be noted as arranging themselves in a 
parallel fashion to the general northeast strike of the underlying 
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Carboniferous and occurring at particular horizons. These hori- 
zons are seen to be at or near the lines of contact dividing the 
Double Mountain, Clear Fork and Wichita divisions of the Per- 
mian. It is likely that a temporary cessation of active deposition 
of sediments took place near the close of the Wichita and the be- 
ginning of the Clear Fork with a consequent development of low- 
lying land forms giving opportunity for the growth of minor 
forms of plant life. 

From the examination of a great number of deposits of copper 
in the ‘Red Beds” of Texas, Oklahoma and New Mexico the 
writer is of the opinion that the copper was not deposited along 
with the clay as an original constituent and that its origin is not 
primarily in these beds. The great number of synclinal basins, 
troughs and enclosed depressions occurring in the immediate vi- 
cinity of areas of greater concentration of copper content sug- 
gest that these areas were favorable points of concentration for 
percolating and infiltrating solution with a subsequent precipi- 
tation of the contained copper content on coming in contact with 
agents of reduction, either carbon or kaolinitic materials. 

The deposits are far removed from igneous influences and 
show no relationship to rocks of this character. 

It is likely that the copper was coexistent in the Permian sea 
along with limestone and sandstone and that it entered these for- 
mations by processes of selective replacement. The occurrence 
near Foard City of galena in limestone, previously referred to, 
may be accounted for in this manner, as well as numerous in- 
stances where chalcocite exists as minute impregnations in the 
limestones of the area. 

The writer does not believe that the seeming concentration of 
copper along contact lines, arises from springs issuing in or near 
these localities but that these lines of contact represent a halting 
in the processes of sedimentation and a development of condi- 
tions favorable for the solution and redeposition of the cuprif- 
erous materials. 
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THE EFFECT OF IGNEOUS INTRUSIONS ON THE 
ACCUMULATION OF OIL IN THE TAMPICO- 
TUXPAM REGION, MEXICO. 


E. De GoLyer. 


That part of the gulf coastal plain of Mexico in which the oil- 
fields of the Tampico-Tuxpam region occur and in which the 
surface exudations seem to indicate the existence of numerous 
other oil-deposits, namely, the part between the Tecolutla and 
Soto la Marina Rivers, consists of a thick series of sedimentary 
rocks of Cretaceous and Tertiary age, pierced and intruded and 
in part covered by igneous rock of volcanic origin. Throughout 
this entire region, there are numerous oil springs, termed by the 
natives “ojos de chapapote’’! which vary in size from lakes of 
very viscous oil or liquid asphalt several acres in extent, to 
small cracks and crevices from which oil seeps, drop by drop. 
These seepages occur to a marked extent in close association with 
igneous rocks, particularly of the volcanic plug or dyke form; an 
association which geologists and oil-operators who have examined 
the region have been prompt to notice and which has caused a 
great deal of speculation as to the manner of occurrence of the oil. 


1“ Chapapote” is derived from the Aztec words “ tzuac,” meaning paste or 
cement, and “ popochile,” meaning perfume and probably refer to its uses by 
the Aztecs as an adhesive or mortar and, when mixed with aromatic resins, 
as an incense. The term is at present being used throughout the oil regions 
as the native term for crude oil but its original and more restricted mean- 
ing was evidently as a term for the natural bitumens known to the Aztecs and 
included asphalt and the heavy oil or viscous oil residue which forms the 
deposits in and around the seepages. “ Ojo de chapapote” is therefore “ eye 
of chapapote ” and probably originated from the resemblance in form, real or 
fancied, of the great bubbles formed by the asphalt of the small inactive see- 
pages on warm days, to the human eye. Fray Bernardino Sahagun, who 
wrote in the years shortly after the conquest, mentions chapapote among 
the various articles for sale in the great market of Mexico City. This is 
probably the first recorded reference to a member of the petroleum family 
on the American continent. 
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This close association of seepages and volcanic plugs together 
with the apparent desirability of drilling near seepages in a region 
about the subsoil of which little or nothing was known, led to the 
discovery of at least part of the very important Ebano oil-field. 
This field, the initial development of which antedated by several 
years the discovery of any other field of commercial importance, 
stood during that time as the only, and as the typical Mexican 
field, and such meager geologic information as was available con- 
cerning it gave a great deal of prominence to the proximity of 
several prolific wells to the volcanic plugs Cerro de la Pez and 
Cerro de la Dicha. These unusual associations occurring to so 
notable an extent, together with a desire or a necessity to conform 
to the anticlinal or structural theory of the accumulation of oil, 
have caused to be advanced a theory that the sedimentary rocks 
have been uplifted by volcanic plugs at the time of their intrusion.” 
The association of oil and igneous rocks in this region has also 
been advanced in support of the theory of volcanic origin of oil 
and gas. The author does not believe that either of these the- 
ories is justified by our present knowledge of the conditions of 
occurrence and accumulation of oil in the Mexican fields. 

The parent oil-bearing formation of the Tampico-Tuxpam 
region is the upper part of the immensely thick series of limestone 
which has come to be known generally throughout the oil region 
as the Tamasopo limestone. It is of lower Cretaceous age, being 
the equivalent in part at least of the Comanche of Texas. It is 
the most important oil-bearing formation of the region; the reser- 
voir rock of the Potrero del Llano, Juan Cassiana, Los Naranjos, 
Dos Bocas, and Alamo pools is probably the source of the oil 
in the overlying formations. The importance of these forma- 

2 Clapp, Frederick G., “The Occurrence of Oil and Gas Deposits Asso- 
ciated with Quaquaversal Structure,” Economic Geo.ocy, vol. 7, pp. 377-380, 
1912. 

 Washbarne C. W., “ Chlorides in Oil-field Waters,” Amer. Inst. Min. Eng., 
Bull. 87, p. 380, March, 1914. 

Bosworth, T. O., “Outlines of Oil-field Geology,” Petroleum Review, vol. 
26, p. 172, March 23, 1914. 

3 Coste, Eugene, “ Rock Disturbances Theory of Petroleum Emanations vs. 


the Anticlinal or Structural Theory of Petroleum Accumulations,” Amer. Inst. 
Min. Eng., Bull. 93, p. 2421. 
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tions as oil producers varies more or less with their stratigraphic 
distance from the Tamasopo, those most distant being of least im- 
portance. This formation attains its greatest thickness in this 
region, being more than 20,000 feet thick in southern Tamaulipas 
and thinning to the north and south until the entire Comanche 
equivalent, of which it is a member, is not more than 4,000 feet 
thick at the Rio Grande on the north, or near Orizaba, Vera Cruz, 
on the south.’ It contains numerous fossil remains, the most 
characteristic form being a hippurites. 

The upper Cretaceous is apparently absent over most of this 
region and the Tamasopo is overlain unconformably (?) by some 
400-800 feet of alternating thin-bedded argillaceous limestones 
and shales known as the San Felipe beds. It includes the oil- 
bearing horizons of the greater part of the Ebano, Chijol, Topila, 
Panuco, Chila Salinas and Tierra Amarilla fields, the oil appar- 
ently occurring in porous limestones or in interstices of shale 
immediately underlying the thin limestone bands. No fossils 
have yet been found, in the formation but because of its strati- 
graphic position it is known to be of Cretaceous or Eocene age. 
Such evidence as is available points to the Eocene age. This 
formation becomes more shaly toward the top and passes by im- 
perceptible gradation into the overlying shale formation. 

Mendez shales is the formation name which has been applied by 
Prof. W. F. Cummins to the 2,000—4,000 feet of gray, blue and 
green marls and shales with occasional thin limestones and sand- 
stones which overly the San Felipe beds. This formation con- 
tains oil in small amounts, the oil apparently having been forced 
upward along fault planes or other seepage channels and having 
filled all porous spaces encountered, such as the interstices in the 
shales immediately below the limestones. One deposit of com- 
mercial consequence, that of the Furbero field, is known to occur 
partly in the metamorphosed Mendez shales over- and under- 

4 Hill, Robert T., “ The Cretaceous Formations of Mexico and their Rela- 
tions to North American Geographic Development,” Amer. Jour. Sci., 3d ser., 
Vol. XLV., pp. 307-323, 1893. 


5 Bose, Emil, “ Geologia de los alrededores de Orizaba,” Bol. Inst. Geol. 
Mexico, No. 13, 1899. 
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lying a laccolith of gabbro which has suffered much alteration. 
The shales at this place have been baked and broken by the ig- 
neous intrusion and further altered by thermal waters. As a con- 
sequence the rock has become porous enough to contain oil, and 
the oil, being forced up from below, probably by hydraulic pres- 
sure and along the sides of the duct through which the igneous 
rock of the intrusion has come up, has filled the reservoir 
afforded by the metamorphosed shales and partly porous igneous 
rock. Fossils of lower Eocene age have been identified by Dr. 
Dall from collections made at various horizons of this formation. 

Overlying the Mendez shales is a series of sandstones, impure 
fossiliferous limestones, and thin conglomerates some 600 to 2,000 
feet thick and of Oligocene age. The shallow oil-deposits of 
the Tanhuijo field occur in this formation, the oil-bearing sand- 
stone quite evidently having been filled by oil rising from below 
along the channel or duct through which the seepage in the central 
part of the field is supplied. 

Several thousand seepages or oil springs occur throughout the 
region under discussion; the author has examined hundreds of 
them. These seepages are the result of oil being forced to the 
surface through openings along fault or fissure planes, sedimen- 
tary-igneous contacts or other metamorphosed zones, or possibly 
through the steeply dipping or vertical strata along the front of 
the Sierra Madres. More detailed classification may be as 
follows: 

I. Seepages associated with igneous intrusions, 

(a) at contact zones of volcanic plugs and sedimentary rocks, 

(b) at contact zones of dikes and sedimentary rocks, 

(c) through cracks and fissures in the igneous rock itself, 

(d) as inclusions in the igneous rock, and 

(e) from metamorphosed rock above an intrusion which 
does not outcrop; 

II. Seepages not associated with intrusions, 

(a) at crest of domes or anticlines, 

(b) along marked fault or fissure planes, 

(c) from steeply dipping strata, and 

(d) isolated occurrences of uncertain relations. 
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Seepages of the volcanic plug and dike type are similar in 
origin, both being the result of oil forced upward along more 
or less open channels resulting from the brecciation and metamor- 
phism of the sedimentary rocks along the contact zone, the only 
difference being in the form of intrusion. Examples of the vol- 
canic plug type are Cerro de la Pez, Cerros Chapapote and las 
Borrachas near Juan Felipe, Cerros Palma Real and Cacalote 
near Potrero del Llano, Cerro Pelon near Solis, Mata de Chapa- 
pote at Caracol, and Apachiltepec on Tlacolula. The dike type 
may often be confused with fault types if the outcrop of the 
igneous rock is covered with alluvium or if the dike does not out- 
crop, as at the Tampalache seepage in the Panuco field where the 
basalt of the dike was found only by the wells drilled near the 
seepage. The dike types are also of frequent occurrence, those at 
Tamijuin, Acala, Chapapote in the San Jose de las Rusias hac- 
ienda, and a dike several miles southeast of the village of Amat- 
lan being particularly good examples. Seepages along fissures in 
the igneous rock of the plugs and dikes themselves, while perhaps 
not of common occurrence, are probably often confused with the 
types already mentioned. Cerros de la Pez and de la Dicha ap- 
parently show examples of this type. Inclusions in igneous rocks 
may sometimes produce seepages and, though of rare occurrence 
in this region, are none the less deserving of mention. The most 
notable occurrence of this sort is that of a basalt which is so 
poorly exposed that the geology of its occurrence is not certain, 
though probably a dike form, which outcrops some five miles 
southeast of the town of Tempoal in the Canton of Tantoyuca. 
At this place the occasional small pores or vesicles in the basalt 
are lined with chalcedony and contain a light (40°-50° Be.), 
greenish red, paraffin base oil. The largest vesicles probably 
contain several drops of oil. There is no evidence of the impreg- 
nation of any part of the mass of the basalt by the oil. Near this 
outcrop is a seepage and an old shallow well which yield a product 
similar to the oil of the basalt, the residue resembling that left by 
evaporation of the lighter parts of a crude oil similar to that of 
the vesicles. This seepage is the more notable in this region be- 
cause it is of light oil, the other seepages being of a heavy, black 
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oil of mixed asphalt and paraffin base. Occasional inclusions of 
asphalt in the basalts of the region have been noted by various 
geologists. Seepages rising through the channels formed by the 
pores of a metamorphosed rock above an intrusion which does not 
outcrop are not known to be of frequent occurrence. One of the 
seepages at Furbero is of this type and it is probable some of the 
seepages at Cerro Viejo are of the same type. 

Of the seepages not known to be associated with igneous in- 
trusions, those occurring along fault or fissure planes are most 
common, in fact, faults or fissures of some sort are necessary to 
explain the occurrence of any of the known seepages of this entire 
group. Certain types of seepages however, by their very definite 
alignment, suggest the existence of a fault plane. This type may 
also be interpreted as rising along a dike which does not reach the 
surface. One of the seepage groups at Los Naranjos may repre- 
sent the fault plane type though an outcrop of basalt to the east 
and directly on the line determined by the seepages strongly sug- 
gests a dike. Seepages on the crest of domes or anticlines are of 
common occurrence. The seepages at Potrero del Llano, Llano 
Grande, and a group of those at Los Naranjos are of this type. 
As has been noted, seepages from the outcrop of steeply dipping 
or vertical beds are not known to occur, though the existence of 
such type along the front of the Sierra Madre or on the Arroyo 
Terrero in the Furbero district has been suggested. The last 
class mentioned, the isolated occurrences or groups of uncertain 
geological relations, has been included as a sort of catch-all to 
complete the classification. It probably consists for the most 
part of single seepages along fissures of short extent. The seep- 
ages of Tanhuijo, San Marcos, Rancho Abajo, and various other 
localities are of this type. 

The igneous rocks of the region consist for the most part of 
basalts and allied types such as dolerites, diabase, and gabbros, 
together with various products of vulcanism such as volcanic 
breccias, ash, etc. Metamorphism of the contiguous sedimentary 
rocks, both by heat and brecciation, has accompanied the intru- 
sions. The various intrusions and flows, while not contempo- 
raneous in the strictest sense of the word probably belong to the 
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same epoch of igneous activity, an epoch of which Popocatapetl, 
which has been an active volcano within the last two centuries, 
probably represents a dying remnant. So far as known, the ig- 
neous activity of the coastal plain occurred during or since late 
Oligocene time, since the entire series of sedimentary rocks in- 
cluding the lowér Oligocene formation have been intruded in 
various localities. 

Having noted the superficial relation of the seepages to the 
igneous rocks we come to a consideration of the effect of the 
intrusions on the structure of the sedimentary rocks of the region, 
a matter of the greatest economic and scientific importance to 
those interested in the oil industry. The major deformation and 
folding of the sedimentary rocks evidently antedated and was in- 
dependent of the epoch of intrusions. The folding of the sedi- 
mentary rocks of the coastal plain is more marked immediately 
adjacent to the front of the severely folded and faulted Sierra 
Madres, gradually becoming more gentle toward the coast as the 
distance from the mountain front becomes greater. The folds 
are, for the most part, parallel to the mountain uplift, indicating 
that both are the result of the same set of forces. The steeply 
dipping strata of the mountain front are covered by lava flows in 
the vicinity of Llera, state of Tamaulipas, west of Huejutla, state 
of Hidalgo, and in the state of Puebla both west and south of 
Furbero. The more gently folded Tertiaries of the coastal plain 
are covered by flows near Aldama, Tamaulipas, and Metlaltoyuca, 
Vera Cruz. The dikes cut the strata at various angles to the 
structure and have no relation to the occurrence of the various 
volcanic plugs. The plugs occur on the flanks of anticlines or 
along the axes of synclines with as great or greater frequency than 
on the axes of anticlines. Cerros de las Borrachas, de Palma 
Real, de Toaco, de Cacolote, and de Postectitla are examples of 
such occurrence and even in the case of Cerro Pelon, a plug 
which from surface indications apparently occurs at the crest of a 
dome, exploration of the subsoil of the region shows that the plug 
is on a flank rather than at the crest of the structural dome. In 
the region in which all of the oil-fields have been developed to 
the present time, i. e., between the Tamesi and Tecolutla Rivers 
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the greatest igneous activity has occurred within an area roughly 
triangular in shape and defined by a north and south line through 
Furbero, a line through Tantoyuca and Ozuluama, and the front 
of the Sierra Madre.® 

This area, which represents a wedge-shaped extension into the 
coastal plain of the greater igneous activity of the central plateau 
or “mesa central,’ a region which it joins on its Sierra Madre 
side, probably represents igneous intrusion through faults and 
fissures developed in the rocks of this segment by shearing stresses 
and strains resulting from conflicts in the forces which folded the 
rocks originally. The increased complexity of the folding and 
faulting of the adjacent front of the Sierra Madres seems to bear 
out this theroy. 

That the position of the strata have been affected to some ex- 
tent by the intrusions of laccoliths and sills is evident, but no evi- 
dence of the so-called doming or uplifting of strata by volcanic 
plugs or dikes has been observed by the author during a somewhat 
lengthy study of the region, nor has any such evidence been 
brought to his attention by other geologists. Such action was not 
to have been expected in connection with the intrusion of dikes, 
both on account of their manner of intrusion and because of the 
relatively small mass of the dike as compared with the sedimen- 
tary strata which would have been involved in any movement. 
Unfortunately the contact walls of the igneous plugs, where they 
reach the surface are generally well covered with talus and debris 
from the side of the plug itself in addition to the normal covering 
of soil and vegetation common to this region and consequently, 
detailed studies of dip of the strata in the immediate vicinity of 
the plug cannot be made. We are forced to depend more on 
the rather meagre evidence, at present available, of wells drilled 

®It is worthy of note that this triangle also contains the Juan Cassiana, 
Potrero del Llano, Dos Bocas, Alamo and Los Naranjos oil-fields. The first 
two fields are of first importance in Mexico, the third which was lost by fire 
was of first importance and the last two, which are just beginning to be ex- 
ploited, give promise of being of first importance. The area also includes 
numerous fields of secondary importance. Only three fields of first im- 


portance, Ebano, Topila, and Panuco, have yet been discoverd outside this 
area, 
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near the plug and upon the general structure for evidence with 
regard to doming. It seems more probable that plugs, following 
some line of relatively little resistance, such as a fault or fissure 
plane, reached the surface working and rounding out their chan- 
nels by a process of detaching masses of sedimentary rock from 
the roof and sides of their original channel, the masses of rock 
thus detached either being melted by the heat of the lava and 
taken into solution in it or remaining in mechanical suspension 
and sinking to lower positions in the ascending column.’ This 
latter theory seems to find support in the common occurrence of 
volcanic breccias which are in part composed of blocks of highly 
metamorphosed limestone and shale similar to the country rock 
through which the plugs pass. The finding of a fossil oyster 
shell in the volcanic breccia of Cerrito Palma Real near Potrero 
del Llano is an undoubted example of such occurrence. Many 
of the plugs such as Cerros Palma Real and Pelon consist alto- 
gether of volcanic breccia composed in part of sedimentary rocks, 
while others consist of a relatively small central pipe or chimney 
of basalt surrounded by a rather wide aureole of brecciated mate- 
rial. Cerros las Borrachas is of this type. With regard to the 
condition of the strata immediately contiguous to a pipe, little is 
known except that it is metamorphosed for a short distance and 
broken. It seems quite as probable that the strata dip inward to 
the plug as that they dip away from it. The downward dip and 
much of the brecciation is probably caused by a settling or sub- 
sidence of the igneous rock of the plug upon cooling and contract- 
ing;® the solid sides of the plug being much more effective in 

7 The probability of intrusion by this method, which Daly terms stoping, 
has already been mentioned by the celebrated Mexican geologist, Ezequiel 
Ordonez, who is perhaps best informed regarding the geology of the Ebano 
field and to whose writings I am partially indebted for a description of that 
region. “Sobre Algunos Ejemplares Probables de Tubos de Erupcion,” 
Memorias de la Sociedad Alzate, Tomo XXII., pp. 142-150. “ The Oil Fields 
of Mexico,” Bull. Amer. Inst. Min, Engineers, October, 1914, pp. 2531-2535. 

8 The amount of such contraction is considerable. Barus found by experi- 
ment that a diabase changed in volume about 3 per cent. on cooling from 
1500° C. to 1093° C. and that on solidifying at 1093° C. it underwent a sharp 


additional contraction amounting to 3.55 or 4 per cent. and a further decrease 
of 3 per cent. on cooling to 0° C. U. S. Geol. Survey, Bull. 103. 
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breaking and dragging down the adjacent strata than was the liquid 
or semi-liquid plug at the time of intrusion.® Evidence of such 
downward drag on the strata has been observed in the wall rock 
of a large dyke in Tamaulipas. Of the wells which have been 
drilled near volcanic plugs, those at Ebano are probably closest, 
the wells having been drilled very near the outcrop of the igneous 
rock. Ordonez who, as has been said, is best informed regard- 
ing this occurrence, states regarding this general form of intru- 
sion that “the volcanic plug or pipe of ashy and compact basaltic 
lava, of which the neck is the upper end, has not produced any 
considerable disturbance of the shale around it.”?° 

At Tierra Amarilla where the closest wells have been drilled at 
distances of approximately 1,000 feet and 2,000 feet from the 
volcanic plug Cerro Pelon, the strata are apparently dipping 
slightly toward the plug. 

At Alazan, wells 2,500 feet and 7,200 feet from an important 
plug show no dip in the strata (being on the strike of the rocks) 
and they are several hundred feet deeper than wells 16,000 feet 
from it, the difference being due to structure. 

At Juan Cassiana, wells from 700 feet to 2,000 feet from plugs 
apparently conform to the general structure and are not affected 
by their proximity to the plug. 

Accepting then, in view of available information, the improba- 
bility of any doming tendency on the part of volcanic plugs, there 
remains the discussion of what the influence of the igneous dikes 
and plugs has been in the various oil accumulation of this region. 


® The inward dip of strata immediately surrounding volcanic plugs or pipes 
is of common occurrence. England and Scotland afford numerous good ex- 
amples of such form of structure. Such structure is common also in South 
Africa, though plugs surrounded by strata dipping away from them are 
also of common occurrence. From a study of available descriptions, the 
author thinks it probable that the outward dipping strata are characteristic 
of the more complex forms of volcanic plugs where considerable lateral in- 
trusion of laccolithic or sill form has occurred. For a description of the Scot- 
tish and African forms see memoires of Geol. Surv. of Scotland, “ Oil Shales 
of Lotians,” second edition, Edinburgh, 1912, pp. 13-14 and the “ Geology of 
Cape Colony,” by A. W. Rogers and A. L. DuTroit, London, 1900, pp. 219-233, 
344-369. 

10 Bull., Amer. Inst. Min. Engineers, October, 1914, p. 2533. 
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Its most important function has been in providing a channel in the 
brecciated and metamorphosed contact zone along which the oil 
has migrated from lower to higher strata and to the surface where 
it occurs as seepages. In conjunction with simple faults and 
fissures, which have had 2 similar function, it has in this manner 
permitted the migration of large amounts of oil from the Tamas- 
opo limestone to the more porous members of the San Felipe 
series. This action has probably been very marked in the Ebano 
field. Of secondary importance has been the metamorphism of 
rocks, previously impervious, into porous zones capable of con- 
taining oil and supplying these reservoirs through its channels to 
the underlying oil rock. The Furbero laccolith or sill is per- 
haps the best example of such action, though it should be noted 
that both the igneous and sedimentary rocks have undergone con- 
siderable alteration since the solidification of the igneous rock of 
the laccolith. The accumulations of oil which have been encoun- 
tered up to the present as a result of igneous action are unim- 
portant as compared with the accumulations of oil resulting from 
more ordinary forms of structure. 

Summarizing, the principal points which a study of the effect 
of the igneous intrusions on the accumulation of oil in the Tam- 
pico-Tuxpam region suggests are as follows: 

1. Seepages occur in marked association with volcanic plugs or 
dikes. Occurrences having no apparent relation to aany igneous 
rock are quite as numerous. 

2. The oil apparently originates in the Tamasopo limestone, 
probably resulting from destructive distillation of organic mate- 
rial under pressure after deposition. 

3. The rocks of the Tampico-Tuxpam region are gently folded, 
a result of the forces which formed the eastern ranges of the 
Sierra Madre. This folding antedated and was independent of 
the era of igneous activity. 

4. The igneous activity south of Tamesi River seems to have 
been confined, for the most part, to a wedge-shaped segment 
of the coastal plain which was subject to shearing stresses and 
strains resulting from the conflicting directions of the application 
of the folding forces. 
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5. Doming or uplift of the strata did not accompany the in- 
trusion of igneous rock except when the intrusion was in the 
form of laccoliths or sills. 

6. The principal function of igneous intrusion in the accumula- 
tion of oil has been the formation of channels through which the 
oil has been able to migrate into the overlying formations and 
even reach the surface. 

7. A secondary and relatively unimportant function of intru- 
sion has been the formation by brecciation and metamorphism of 
reservoirs capable of containing oil. 
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METAL OXIDE AND SULPHIDE IMPREGNATION OF 
FIRE-BRICK. 


N. B. Davis. 

CONTENTS. 
Pace. 
IV. Metallic Zinc and Zinc Oxide Impregnation ..................ee008 674 


I, INTRODUCTION." 

In a recent paper on certain western ore-deposits of magmatic 
origin, Turner and Rogers? write as follows: “To what extent 
the phenomena of the artificial molten magmas of smelters apply 
to molten magmas of the earth’s interior is as yet an open ques- 
tion.” It seems desirable, therefore, to place on record any avail- 
able data, which may bear on the subject, with the hope that it 
may stimulate further investigation. Much detailed study will 
be necessary before any conclusive comparisons or deductions 
can be drawn. 

Vogt® in his work on the formation of minerals in slags has 
dealt in some detail with one phase of crystallization in smelter 
products; and the recent work of Bowen‘ on the formation and 
sinking of crystals in silicate melts points toward an interesting 
study using melts containing metal sulphides. Little has been 
published on the experimental evidence of the formation of sul- 
phides in this way. 

Recently Dr. H. Ries handed the author a specimen of fire- 


1The writer gratefully acknowledges the criticism of Dr. H. Ries in the 
preparation of this paper. 

2 Turner and Rogers, Econ. Gror., N. 4, p. 364, 1914. 

3 Vogt, “ Die Silikatschmelzlésungen,” Christiania, 1903. 

4Bowen, Amer. Jour. Science, February, 1915. 
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brick impregnated with galena, and later two specimens of simi- 
lar brick impregnated with copper sulphides. To these the 
writer added a specimen of fire-brick impregnated with metallic 
zine and zinc oxide sent him by Mr. Guilbert Rigg. Mr. Rigg 
described the same material in a recent number of the Journal 
of Industrial and Engineering Chemistry.° 

In the following pages the results of microscopic examination 
of the specimens are given together with brief notes on the pos- 
sible relation, of the points observed, to certain ore-deposits, 


II, COPPER SULPHIDE IMPREGNATION, 


The brick specimens impregnated with copper sulphides came 
from the fore-hearth of a copper blast furnace located at Trail, 


Fic. 98. Firebrick impregnated by metallic zinc and zinc oxide. Arrows point 
to veinlets of metallic zinc. The white is mostly zinc oxide. 


British Columbia. Parts of these specimens are illustrated in 

Plate XVIII., Figs. 1 and 2. That shown in Fig. 1 came from a 

part of the fore-hearth directly in contact with the molten matte, 
5 Rigg, Jour. Ind. Eng. Chem., p. 549, 1913. 
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and it can be seen that the original coarse texture of the brick is 
almost entirely destroyed. The yellow color is changed to a dead 
black with only here and there light colored spots due to re- 
sistant siliceous particles. The black color is probably due to 
iron silicates developed by introduction of iron from the matte. 
The whole seems cemented together by yellow copper sulphide 
which in Fig. 1 is shown in the many fine light colored spots 
caused by the light reflected from the bright sulphide surfaces. 

Polished surfaces of pieces of this specimen show the sul- 
phide to be wholly chalcopyrite filling pore spaces in the altered 
brick, as illustrated in Figs. 1 and 2, Plate XIX. The largest 
particles of chalcopyrite are outlined. 

The second specimen, illustrated in Fig. 2, Plate XVIII., came 
from the fore-hearth, but from within the wall and hence out of 
contact with the matte. It is not nearly as black as the first piece, 
and most of the original brick structure is preserved. Along 
lines of weakness, probably produced in the making of the brick 
(laminations due to pressure), can be seen segregations of sul- 
phide, which, to the naked eye, appear to be bornite. However, 
a polished surface examined with a microscope shows it to be a 
mixture of chalcopyrite, bornite, and chalcocite, with the chalco- 
cite in greatest abundance. This is illustrated in Fig. 3, Plate 
XIX., the sulphides being outlined. The chalcopyrite appears, in 
some cases, to form cores within the grains of bornite and chal- 
cocite. These sulphides were determined by comparison with 
polished mineral specimens. 

The most interesting thing to be noted in these two specimens 
is the fact that chalcopyrite was the only sulphide formed near 
the molten source while bornite and chalcocite formed at the ex- 
pense of the chalcopyrite further away in the cooler parts of the 
brick, unsaturated with iron. 

A similar impregnation of fire-brick by copper sulphide was 
noted by Turner and Rogers® as occurring in the blast furnaces 
of the Kyshtim copper mines in Russia. “The bricks forming 
part of the settler of one of the furnaces were taken out and 

6 Loc. cit., p. 364. 
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EXPLANATION OF PLATE XVIII. 


Fic. 1. Firebrick impregnated with copper sulphide. Original brick struc- 
ture almost totally destroyed. 

Fic. 2. Firebrick partly impregnated with copper sulphides. Original brick 
structure not destroyed. 

Fic. 3. Galena impregnating firebrick. The upper edge was exposed to the 
furnace gases and has a coating of galena. 
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found to be heavily charged with newly formed yellow sulphide, 
apparently chalcopyrite, which had separated from the matte.” 
The sulphides in a copper matte are supposed to be CuS and FeS. 

Plattner’ in explaining certain ore deposits as due to sublima- 
tion noted the formation of a lode in the floor of a reverberatory 
furnace in Freiberg, where the cracks in the masonry were 
partly filled with a comb structure consisting of galena and 
copper pyrites. Text-books on metallurgy state that it is quite 
common for this to occur, the extent depending on the conditions. 

At Kalgoorlie, in Western Australia, bricks taken from old 
roasting furnaces at the Associated Mine were found to be 
charged with sulphates formed by the bricks taking up sulphur 
from the furnace gases.® 

A significant observation to be made here is that the ore, a 
pyritic gold one, was free from the metals copper, lead, and zinc, 
or any of the other metals volatile at the temperature used and 
hence only sulphur was deposited in the fire-bricks. 

Except for the element of pressure the above described deposi- 
tion of copper sulphides from molten matte seems to the writer 
to be in all respects similar (as it might possibly be on a small 
scale) to the deposition of the ore minerals of certain contact 
metamorphic deposits and contact phases of magmatic segrega- 
tions. 

In the case of the Trail brick, the conditions, under which 
chalcocite and bornite formed in the deeper cooler zone, are not 
definitely known, but an explanation is suggested by the color 
of the groundmass. In the specimen which was in contact with 
the matte the brick structure is almost totally destroyed. The 
alumino-silicates of the clay bond have been completely satu- 
rated with iron, and there evidently was enough iron and sulphur 
present to unite with copper and form chalcopyrite. In the other 
specimen very little of the brick structure has been destroyed, 
and the color is dark grey rather than black. The clay silicates 
used up much of the iron in the emanations from the matte, re- 

7 Plattner, “Cotta’s Gangstudien,” Vol. II., p.1. Also Von Cotta’s “Treatise 


on Ore Deposits,” 1869. 
8 Eng. and Min, Jour., February 17, 1912. 


3 
( 


668 N. B. DAVIS. 


EXPLANATION OF PLATE XIX. 


Fic. 1. Polished surface of specimen illustrated in Plate XVIII, Fig. 1. 
Chalcopyrite outlined. > 60. 


Fic. 2. Polished surface of a part of specimen illustrated in Fig. 1. Chal- 
copyrite outlined. 


Fic. 3. Polished surface of specimen illustrated in Plate I, Fig. 2, Sul- 
phides are outlined. 60. Cp=chalcopyrite; b= borite; cc =chalcocite. 
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Fic. 1. 
Fic. 2. 
Fic. 3. 
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sulting in the formation of bornite and chalcocite with a minor 
amount of chalcopyrite. 

The finding of a similar mineral arrangement in connection 
with contact or magmatic-differentiation ore-deposits wouid be 
very interesting. 

An occurrence of interest but under a slightly different set of 
conditions, is that of original bornite and chalcocite in the 
Virgilina District, of North Carolina and Virginia, described 
by Laney.® The veins are of the true fissure type carrying 
bornite and chalcocite in a gangue of quartz, epidote and calcite. 
Bornite is present in excess over chalcocite. There is no evi- 
dence of the chalcocite in the lower levels being of secondary 
origin. The solutions that formed the deposits appear to have 
been first saturated for bornite and this mineral crystallized 
out, the iron possibly being the determining factor, just as it was 
in the case of the sulphides in the bricks. 


III, LEAD SULPHIDE IMPREGNATION. 


The specimen showing impregnation by galena, illustrated in 
Fig. 3, Plate XVIII., came from the shaft of a lead blast furnace 
at Trail, B. C. This plant handled a high grade argentiferous 
galena concentrate, free of zinc, from the St. Eugene mine. 

The ore was first pot-roasted to reduce the sulphur content 
to about 9 per cent., and then, this was further cut down to about 
3 per cent. in the converters. The furnace was of a standard 
type with waterjacketed brick crucible up to the bosh, above which 
was a fire-brick shaft about fifteen feet high. 

The charge consisted of the converter roast with sufficient 
flux to make a good slag, and about 12 per cent. coke. The lead 
in this charge averaged about 40 per cent. It is well known 
that high sulphur in the charge causes slow running and a crust- 
ing in the shaft beginning at both ends and growing towards the 
center.!° Considerable lead passes off in the blast furnace gases; 
the Cotteral plant recently installed at Trail saving about eight 


Econ. Geox., Vol. 6, p. 411, 
10 A, J. McNab, Jour. Can. Min. Inst., 1900. 
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EXPLANATION OF PLATE XX. 
Fic.1. Galena shown by white outline around inert rounded grains. White 
veinlets of galena.  X 60. 
Fic. 2. Galena coating on surface of the brick and a disjointed stringer 
extending into the body of the brick. 60. 
Fic. 3. Galena (outlined) within the body of the brick.  X 60. 
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tons of material high in lead each day. This volatile lead mixed 
with sulphur and carbon gases passed up through the stack; some 
of it was deposited on the cool charge as it dropped down; some 
was deposited as lead sulphide on the walls of the stack; some 
penetrated the pores of the brick and was there deposited as 
lead sulphide and lead silicates; the remainder passed off. The 
higher the sulphur content of the charge the greater the amount 
of the lead sulphide (galena) deposited in the cooler parts of 
the stack. 

The specimen of fire-brick under examination came from the 
upper part of the stack. On the face, and extending in on the 
sides, where the fire clay mortar allowed, is a coating of crys- 
tallized lead sulphide about a quarter of a centimeter thick (see 
Plate XVIII., Fig. 3). On the broken face the bright yellowish 
color of the brick is destroyed to a depth of about two and a half 
centimeters, by very finely divided lead sulphide and lead silicates. 
The sulphide penetrated the pores of the brick and filled some of 
them completely. Plate XX. illustrates this relationship. Fig. 1 
shows galena in a large mass filling a crack in the surface of the 
brick and surrounding dense, more or less inert, siliceous particles. 
In the lower right hand corner there is a little veinlet of galena. 
Fig. 2 shows the galena coating and extending into the brick 
where the gases found a channel way. Fig. 3 illustrates galena 
filling the pores around siliceous particles, where the shrinkage 
of the clay bond left spaces in the making of the brick. 

The exact manner in which this galena was deposited is an 
open question. In the past it has been described as sublimation. 
The answer depends on whether the lead is volatilized as the 
sulphide or as metallic lead. Lead melts between 324°—336° C. 
and volatilizes at a red heat in presence of air. Lead sulphide 
melts in the absence of air at a bright red heat, 935° C., and 
volatilizes at a higher temperature." 

The compounds of the charge consist of lead, oxides, sul- 
phides, and silicates; oxides, sulphates, and sulphides of iron, 
zinc and copper; compounds of arsenic and antimony; quartz, 


11 Schnabel, “ Handbook of Metallurgy,” Vol. L., p. 372. 
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EXPLANATION OF PLATE XXI. 


Fics. 1, 2, 3. Metallic zinc, zinc oxide and zinc silicates impregnating fire- 
brick. X60. Zn= metallic zinc; ZnO =zinc oxide. 
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silicates, lime and magnesia; and barium and calcium sulphates. 

The lead oxide of the charge is reduced to the metal by con- 
tact with the red hot carbon of the fuel; and the lead silicates 
by lime and carbon, and sulphates. The lead sulphide present, 
due to imperfect roasting, is mainly reduced in the hottest 
parts of the furnace by metallic iron or basic iron silicate. 

It therefore seems probable that the two elements, lead and 
sulphur, are separately volatilized, and then precipitate one another 
in the cooler upper parts of the shaft. It is, then, not a case of 
sublimation, but of precipitation from the gaseous condition. It 
is suggested that this case parallels the manner of deposition of 
many of our lead deposits of contact metamorphic and pneumato- 
lytic origin. 


IV. METALLIC ZINC AND ZINC QXIDE IMPREGNATION. 


The specimen of fire-brick showing impregnation of zinc came 
from a smelter using the oxide and silicate ores of zinc mined 
at Franklin Furnace, N. J. The brick structure was almost 
totally destroyed and it was necessary to soak the specimen in 
Canada balsam before it could be cut and polished. Sections, so 
treated, show a replacement of the clay silicates by zinc sili- 
cates, zinc oxide, and metallic zinc. The metal occurs in crys- 
talline veinlets through the mass, (see Plate XXI.) with thin coat- 
ings of oxide. Larger masses of zinc oxide are to be seen fill- 
ing cracks and pore spaces around inert quartzy grains as shown 
in Fig. 1 (Plate XXI.). 

The chemistry of zinc differs radically from that of the other 
metals and this controls its metallurgy.'* The temperature at 
which zinc oxide is reduced by carbon (1000° C.) is much above 
the volatilizing point of the metal and it is therefore always pro- 
duced as vapor. This is oxidized in flues and then drawn off to 
bag houses for collection; but before leaving the hearths some 
small part of it has a chance to enter the fire-brick wall, where 
it condenses. 


12G, C. Stone, Tr. Am. Inst. Min. Eng., January, 1914. 
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According to Rigg,’* the metallic zinc vapor usually oxidizes 
at the expense of CO, and is deposited as oxide. It was prob- 
ably true, that, in the furnace from which the specimen was 
taken, the atmosphere was heavily charged with CO, and that 
but little CO, was present. The greater part of the zinc which 
entered the brick seems to have remained as the metal. 

Porter!* describes the same action taking place in blast fur- 
naces handling zinciferous iron ores. An examination of the 
lining after blowing out shows the bricks in the hearth and lower 
part of the bosh to be soft, and of a greenish black color. They 
contain considerable carbon, and 40 per cent. or more of zinc 
oxide. Higher up in the furnace the bricks are firmer and con- 
tain less zinc oxide and carbon, while above the mantle the struc- 
ture is unchanged but the color is deep blue. Analysis shows 20 
per cent. zinc oxide and only a trace of carbon. 

According to Dr. Steger,’® the zinc vapors attack the clay sub- 
stance more or less according to the reaction Al,O3.2SiO, + 
Zn + CO, = Al,O;.ZnO + CO-+ 2SiO,, forming zinc spinel 
and tridymite. Willemite is also formed (ZnO.SiO.). It is 
assumed that zinc spinel forms at temperatures above the reduc- 
tion point of ZnO, in which case the silicates of the brick would 
be attacked on the surface of the lining forming zinc spinel ; while 
farther out, where cooler by radiation, there would be deposited 
ZnO in the pores of the brick. 

That some of the zinc enters into combination with the silicates 
of the brick has recently been shown by O. Proske’® in experi- 
ments on the influence of slag and fumes on the zinc muffle. In 
test pieces he found the zinc mostly combined as alumino-sili- 
cates, because, on treating the powdered brick with HCl, only 
0.16 per cent. ZnO went into solution, whereas the total amounted 
to I.02 per cent. 

The only example of an oxide and silicate zinc ore-deposit 


13 Loc, cit. 

14J. J. Porter, Tr. Am. Inst. Min. Eng., Vol. XXXVIIL, p. 448. 

15 Steger, “ Tonindustrie Zeit.” Tr. Am. Cer. Soc., Vol. VII., p. 277, 1905. 
16 Proske, “ Metall und Erz,” XI, N. F., 11; rev. Min. Press, January, 1915. 
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we have for comparison is that of Franklin Furnace, N. J. If 
Spencer’s theory, that the ores originated from a granite magma, 
is accepted, the analogy seems complete. 


Vv. CONCLUSION. 


In conclusion, the above observations are presented in the 
hope that some of the readers favorably situated will become in- 
terested in a study of blast furnace conditions in their relation 
to the study of ore deposits. The blast furnace may be adapted 
to an experimental method on a large scale for the elucidating 


of problems of ore deposits of several important types. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
Sheffield Scientific School of Yale University, New Haven, Conn. The full 
name of the author should be attached to all communications. 


THE RELATION OF THE QUALITY OF OIL TO 
DEFORMATION. 
Sir: 

David White has given us two of the most valuable recent dis- 
coveries' in connection with petroleum and natural gas in the two 
following laws: 

1. “In regions where the progressive devolatilization of the 
organic deposits in any formation has passed a certain point, 
marked in most provinces by 65 to 60 per cent. of fixed carbon 
(pure coal basis) in the associated or overlying coals, commercial 
oil pools are not present in that formation nor in any other forma- 
tion normally underlying it, though commercial gas pools may 
occur.” 

2. In general the lowest rank oils of each type are found in the 
regions and formations in which the carbonaceous deposits are 
least altered ; the oils in formations showing greater alteration of 
the organic detritus are of higher rank. 

It is the purpose of this communication to consider the cause 
of this relationship. Let us first assemble in a convenient form 
these and other principles that have a bearing upon the problem. 

There is an inverse correlation in general in some degree 
between— 

1“Some Relations in Origin Between Coal and Petroleum,” Jour. of the 
Washington Academy of Science, V : 189-212. 
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. Greater age of the formation and specific gravity of the oil. (Engler.) 

. Greater age of the formation and ratio of volatile to fixed carbon com- 
pounds in the organic detritus. (Hilt.) 

Greater age of the formation and ratio of oil to gas in reservoirs. 

. Depth of reservoir from surface and specific gravity of oil. 

. Depth of reservoir from surface and ratio of volatile to fixed carbon 
compounds in the organic detritus. 

Depth of reservoir from the surface and ratio of oil to gas in the reservoir. 

Depth of reservoir from the surface and percentage of water in the 
reservoir. 

. Amount of deformation without faulting, and specific gravity of oil. 

. Amount of deformation without faulting, and ratio of volatile to fixed 
carbon compounds in the organic detritus. 

J. Amount of deformation without faulting, and ratio of oil to gas in 

reservoirs. 
K. Amount of deformation without faulting, and percentage of water in 
reservoir. 


> 


Hm OF pom 


We may construct from these the, following principle: 

A typical reservoir containing oil and gas has the following his- 
tory: A gradual increase in its gas content, necessarily produces 
which a gradual loss of its oil and water content, the water be- 
ing lost more rapidly. The oil by addition of lighter new com- 
ponents becomes gradually lighter, while still retaining some of 
the original constituents. 

The hypothesis which the writer proposes in explanation of this 
history is that the increased dynamo-chemical activity with in- 
creased depth and increased folding produces a continual evolution 
of gas and oil from the organic detritus, and to a much less degree 
from the previously formed oil; that the successive quantities 
become increasingly gaseous, and those that are liquid lighter and 
lighter, as the dynamo-chemical agencies become more intense 
operate on the less readily altered material. This is suggested by 
the recent work in “cracking”’ oil under pressure. 

In accordance with the principle of selective segregation dis- 
cussed by the author in the Bulletin A. I. M. E. Feb. 1915 the 
newly formed gas accumulates in the porous reservoirs and dis- 
places the fluids there, pushing them back into the surrounding 
rock; but this gas bears condensible distillates which upon the 
relief or cessation of the thrust, or diminution of the depth by 
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denudation, condenses. This condensate, together with some oil 
newly formed directly as a liquid, added to the oil already in the 
reservoir, makes the oil lighter. The fixed carbon residues that 
might otherwise be looked for in the sand, are back in the shales. 

One reason for believing that the reaction is more active in the 
organic detritus than in the previously existing oil is that the 
dynamo-chemical agencies are far less effective in a porous reser- 
voir due to the fact that the pressure is almost immediately dis- 
tributed to all the reservoir content, and so is less intense at any 
one point. On the other hand, the detritus being solid the ad- 
justment is interfered with, so that a greater stress is effective at 
certain points. Imagine a rod of porous sandstone to be bent. 
The pressure of the reservoir contents would be scarcely affected 
as a whole, yet some of the cement and grains would be sub- 
jected to great stress. 

In conclusion then, selective segregation and the expulsion of 
the fluid contents of reservoirs by new dynamo-chemical gas fur- 
nish us an interpretation of White’s laws of correlation of the 
rank of coal with the rank or absence of oil. 

RosweE Lt H. JOHNSON. 


UNIVERSITY OF- PITTSBURGH, 
July 16, 1915. 
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REVIEWS 


An Introduction to the Study of Fossils. By Hervey Woopsurn 
SHIMER. The Macmillan Co., New York, 1914, 8vo. 450 pp., 175 text 
figs. Price $2.40 net. 

Of the text-books on paleontology that have been published from time 
io Une, relatively few have been in English, and of these some, such as 
the American edition of Zittel’s ‘‘ Handbook,” though standard reference 
works for the professional paleontologist, are nevertheless so elaborate 
and so technical as to be of little use to the beginner. We really need 
an elementary work in English, and the book here reviewed is exactly 
what its name implies, an introduction to the study of fossils. It tra- 
verses a very wide field, the plant and animal kingdoms, with fair success, 

Into the 27 pages of the introduction much is compressed concerning 
the study of fossils, conditions of preservation, and processes of fossil- 
ization. The body of the text is an effort to acquaint the student with 
fossils through their relation to the living forms. Then does the group- 
ing of fossils by such means as the septa of the corals or the hinge- 
structure of the pelecypods, become clearer and more natural. The 
study of paleontology presupposes an acquaintance with the principles 
of biology. Such knowledge the present work attempts to furnish, at the 
same time connecting the biology of the living with the fossil forms. 
Herein lies a certain difficulty for a book of this kind since the classifi- 
cations of the zoologist and of the paleontologist tend to differ. The 
classification adopted by Mr. Shimer is nearer to that of the zoologist as 
exemplified by Parker and Haswell, than to that of the paleontologist as 
defined by Eastman’s Zittel. A certain lack of balance from the pale- 
ontologist’s point of view is shown in giving too much detail in the sub- 
divisions of some of the groups (e. g., parts of the Protozoa and Arthro- 
poda), while omitting the four orders of such an important fossil class 
as the Brachiopoda. 

A synopsis of Mr. Shimer’s classification is as follows: He divides the 
animal kingdom into twelve Phyla: Protozoa, Porifera, Coelenterata. 
Platyhelminthes, Nemathelminthes, Trachelminthes, Annulata, Echino- 
dermata, Molluscoidea, Mollusca, Arthropoda and Chordata. Each 
phylum is defined and in the more important ones the anatomy of the 
living type-form is figured and described. Similar treatment is accorded 
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the more important subdivisions and many fossil genera are figured and 
discussed. The treatment of the plant kingdom is coordinate to that of 
the animal kingdom, four Divisions being recognized, the Thallophyta, 
Bryophyta, Pteridophyta and Spermatophyta. 

The book contains 54 pages and 23 text figures devoted to plants; 238 
pages and 109 figures to invertebrates; and 81 pages and 37 figures to 
chordates (vertebrates). A combined index and glossary comprise 40 
pages. 

P. V. Rounpy. 


Minerals and the Microscope. An Introduction to the Study of Pe- 
trology. By H.G.Smirxn. Pp. xi+116. Plates XII. Thos. Murby 
& Co., London; D. Van Nostrand Co., N. Y., 1914. Price $1.25. 
There are so few good primers on the use of the microscope in the 

study of minerals and rocks that it is a pleasure to welcome to the num- 

ber Professor Smith’s handsome little volume, although the book is 
more of an elementary summary than an introduction. The explana- 
tions are so brief as to be of little value to the student who is beginning 
the subject, but they may well serve as aids to one who has already 
mastered the principles upon which the use of the petrographic micro- 
scope depends. The descriptions of the minerals are condensed, but be- 
cause diagnostic characteristics are emphasized, are sufficiently full to 
enable the observer to recognize most species from typical sections. 

The illustrations ate excellent. They are photographs of thin sections, 

reproduced on heavy coated paper. Those of augite and amphibole are 

especially fine. Moreover, they are distributed through the book, near 
the descriptions of the minerals they illustrate. 

The volume closes with a few pages entitled “ Hints on Petrology.” 
Here, however, the author is not very happy. In mentioning the facts 
that are considered in the classification of igneous rocks, he omits all 
reference to their chemical composition, although his first differentiation 
of types is based on the percentage of SiO, present. Some of the ex- 
pressions employed in discussing the characteristics of rocks are so 
badly chosen that they will unquestionably lead to confusion in the mind 
of the student. For instance, the author declares in speaking of the 
plagioclase in granite, that no simple test is available for distinguishing 
between the different plagioclases; “the investigator has to make the 
most of the facts that the members near the albite-end of the series have 
a refractive index near to that of Canada balsam, and a small angle of 
extinction as measured from the twin planes.” In discussing the min- 
erals in gabbro, he says, that “nepheline must be included as a possi- 
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bility in some gabbros,” and that “the possible occurrence of feldspath- 
oids is a point of resemblance between gabbros and svenites, a possibility 
which clearly marks them off from the granites and diorites.” Specially 
instructive sections of limestone are declared to be “ those in which the 
rock consists of calcium and magnesium silicates, calcite and magnesium 
oxides.” While some of these expressions might be understandable if 
expanded, in their present form they are misleading if not inaccurate— 
and inaccuracy in an elementary text is inexcusable. 
W. S. BayLey. 
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RECENT LITERATURE ON ECONOMIC 
GEOLOCY. 


COMPILED BY 
SIDNEY PAIGE. 


METALLIFEROUS. 


GOLD AND SILVER. 


The Future of Gold Placer Mining in Alaska. By A. H. Brooks. U. S. 
Geol. Survey Bulletin 622, 1915, pp. 69-79. 
A discussion of the distribution and gold content of the auriferous 
gravels of Alaska. The conclusion is reached that Alaska’s reserves 
of placer gold are by no means approaching exhaustion. 


A Geological Reconnaissance 6f a Portion of the Murchison Gold Field. 
By H. P. Woopwarp. Geol. Survey of Western Australia, Bull. 57, 
p. 103, 1914. 

Contains along with other matter, a report on the geologic occur- 
rence at Poona of emeralds of gem quality. 


Geology of the Ore Deposits of the Tintic Mining District. By Guy W. 
Crane. Trans. Am. Institute of Mining Engineers, Oct., 1915, pp. 
2147-60. 

Paleozoic sediments ranging in age from middle Cambrian to Penn- 
sylvanian have been intruded by monzonite and partly covered by rhy- 
olite of Tertiary age. The dominant structural feature of the district 
is a north-south over-turned syncline dipping west and pitching gently 
north. It is broken by east-west faults. 

The principal deposits of the district are replacements of the lime- 
stone developed along four nearly parallel horizons following the bed- 
ding but influenced by the cross faulting. Veins in the monzonite have 
been worked in the past and iron ores at the contact of the flow rhyo- 
lite were used for fluxing in the old days. 

The extent of the ore bodies is related to the structural features; 
i. e., the ore persists to greater depths on the outer edges of the syn- 
cline than at horizons near the center of the trough. The texture and 
composition of the beds has also exerted an important influence; the 
soft open textured limestone being the more susceptible to replacement. 
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The ore minerals contain gold, silver, lead, copper and zinc. Oxi- 
dation extends to water level and but little unoxidized ore has been 
mined. Chlorides of silver, carbonates of lead, hydrous silicates and 
carbonates of copper and carbonates of zinc are the principal ore 
minerals derived from the sulphides. There is an important north 
and south distribution of metals, gold and copper at the south with 
more silver and lead at the north, while zinc occurs at both ends of the 
district 

The ores are connected in origin with the intrusive monzonite, such 
an igneous origin explaining many of their characteristics. 


The Canbelego, Budgery, and Budgerygar Mines. By E. C. Anprews. 
Part II. of the Cobar Copper and Gold field; Mineral Resources No. 
18, Dept. of Mines, Geological Survey, New South Wales, Sydney. 

Sandstones, slates, claystones and cherts of Paleozoic age comprise 
the greater portion of the Canbelego rocks. Associated with them are 
porphyries and rhyolites. These rocks may be divided into a basal 
complex of intensely crumpled sediments and an overlying series only 
affected to a minor degree by compressive agencies. 

The metalliferous deposits of the district are associated with the 
older metamorphosed series. (The Canbelego and Girilambone.) 
The ores are of gold and copper: the gold the most important. 

The deposits are replacement lodes or masses of ore (quartz, gold, 
silver, and various sulphides) either lenticular or irregular in shape. 

The Mount Boppy lode is of the nature of an inverted saddle reef. 
The Budgerygar traverses a corrugated and puckered zone of slates, 
while the Budgery is suggestive of a pipe formed by the intersection 
of a number of joints. 

The report contains 41 plates (photographs, mine maps and cross 
sections, geologic maps). 

ZINC. 


Geological Anatomy of a Tennessee Zinc Mine. By Frank L. Nason. 
Eng. & Min. Jour., Aug. 14, 1915, p. 259. 

Origin of the ore deposits considered to be in up-flowing magmatic 
waters rather than down-flowing meteoric waters. Sphalerite, galena, 
and pyrite occur in veins, in irregular sheets on the bedding planes or 
as metasomatic replacements in dolomite. Probability is that ore will 
extend to depth. 


Calamine Mines of Sardinia. By Ciartes Witt Wricut. Eng. & 
Min. Jour., Oct. 16, 1915, p. 625. 
The calamine mines of Sardinia are comparatively recent discoveries 
in a very old lead-mining district. 
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Mineralization in Malaya. By Wm. R. Jones. 


On the Genesis of the Ore Deposits of the Hibira and Mokimene Mines, 
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The calamine (Smithsonite) occurs in zones of fracture in lime- 
stones, parallel to the major structural lines of the rock. A geologic 
map and several photographs are shown. The ore consisted originally 
of sphalerite, pyrite and galena replacing limestone along bedding 
planes and in masses. 


TIN. 


The Mining Magazine, 
London, Oct., 1915, pp. 195-202. 9 figures. 
A general impression prevails that tin occurs in the Malaya States 
only in alluvium. This is an error and in fact tin occurs in situ at or 
near, nearly all the mines. It is actually worked on a large scale at 
several points and in the future lode mining will become increasingly 
important. The failure to recognize the occurrence of the tin in situ 
resulted in part from the mistaken belief in the glacial origin of the 
deposits. Reasons against this theory are given and typical deposits 
are described. 
COPPER. 


Province of Hyuga, Japan. By Taxro Karo. Journal of the Geol. 
Soc. of Japan. 

A description of some pyritic bedded veins deposited along cleavage 
planes of clay, slate and subsequently metamorphosed. A gabbro is 
believed to have been the ore bringer. 


The Ellamar District, Alaska. By S. L. Capps and B. L. JoHNnson. 


Bull. U. S. Geol. Survey No. 605. 10 plates and to figures. 

An account of the geology and mineral resources of the district. 
The report confirms the previous grouping of the formations into the 
Valdes and Orca series and indicates that they will be further sub- 
divided. 

The occurrence of the copper ores in zones of fracture and shearing 
along fault planes is established. Evidence is adduced to show that 
the greenstone is not the source of the copper but that both the copper 
and the gold mineralization of the Prince William Sound region belong 
to the same general epoch and are connected with the granitic in- 
trusives. This theory for the present is regarded as tentative. 


The Disseminated Copper Ores of Bingham Canyon, Utah. By J. J. 


Berson. Am. Inst. Min. Eng. Bull, Nov., 1915, pp. 2191-2236. 9 
plates and 1 figure. 

A detailed study of the processes of secondary enrichment in the 
copper ores of Bingham. There are two principal secondary copper 
minerals, covellite and chalcocite, the covellite occurring in the upper 
levels below the top of the mountain and the chalcocite below. 
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The important conclusion is reached from a study of polished sec- 
tions and chemical considerations that the relative concentration of 
ferrous sulphate in the descending solutions causes reversible reactions 
in the process of enrichment; thus while the sulphides higher in copper 
are being oxidized the descending solutions will carry a considerable 
amount of copper sulphate and chalcocite and covellite will be formed 
zine, to a considerable depth; but when pyrite is undergoing oxidation the 

amount of ferrous sulphate will be larger and a part of the chalcocite 
tates and covellite at depth may be changed back into chalcopyrite. 
at or The bearing of such reactions on the general problem of ascending 
le at versus descending enrichment, at Butte, for example, is obvious. 
ingly The conclusion is reached that magmatic magnetite in the unaltered 
1 situ porphyry was a factor in localizing the position of sulphides. 


f the The Geology of Iron Mountain. By Oscar H. Hersuey. Min. & Sci. 
posits Press, Oct. 23, 1915, pp. 633-638. 1 geologic map. 
Describes the rock units and their relations in an area 1.2 square 
miles, in the copper belt of Shasta County, California. The large scale 
lines, of the mapping has enabled the writer to differentiate several periods 
Geol. of “Alaskite” intrusion. The Alaskite intrusions tended to follow 
the strike and dip of the older andesite lava series and thus acquired 
ivage their northeast elongation,—a fact which also affected the orientation 
Tro is of the sulphide-bearing shear zones. 


IRON. 


Iron Ore in Cass, Marion, Morris and Cherokee Counties, Texas. By E. 
strict. F. Burcuarp. U. S. Geol. Survey Bull. 620-E. 
o the Brown ore and iron carbonate occur in nodules and geodal forms 
sub- segregated in glauconitic sand and clay, in thin lenses and irregular 
ledges; in the lower two-thirds of the Claibourne group of Eocene 
aring age. Individual deposits are described; their development and util- 
that ization discussed. 


nppet Iron-bearing Deposits in Bossier, Caddo and Webster Parishes, Louisi- 

elong ana. By E. F. Burcuarp. U. S. Geol. Survey Bull. 620-G. 

ie The limonite occurs in unconsolidated sandy clay and sand of 
Eocene age. The conclusion is reached that these deposits offer no 
encouragement for development in the near future. 


The Geology of Central Minas Geraes, Brazil. By E. C. Harper and R. 
T. CHAMBERLIN. Journal of Geology, Vol. XXIII, Part 1, No. 4, 
Part 2, No. 5, 1915. 25 figures. 

The geology and ore deposits of the region are described in con- 
siderable detail. Important deposits of sedimentary iron ore occur in 
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an Algonkian (?) series, resting uncomformably upon an Archean 
(?) complex. The iron ores are beds and lenses of hematite occur- 
ring within great iron formations, the limits of the ore bodies being 
determined for the most part by commercial considerations. Great 
bodies are of high grade Bessemer ore and still greater reserves of 

: lower grade have been found. 
The ores are assigned a sedimentary origin; and the action of iron 
: bacteria are assigned an important role in their accumulation. Be- 
sides the ore in situ there are re-worked deposits connected with the 
« erosion of the country. The physiography of the region is described. 
° Deposits of manganese, gold, and diamonds also occur and are de- 

scribed. 


Ore Bodies of the Mesabi Range. By J. F. Worrr. Eng. & Min. Jour., 
: July 17, 24, 31, and Aug. 7, 1915. 
A series of articles dealing with the geology and exploration of the 
Mesabi field. 


The Iron Deposits of Daiquiri, Cuba. By WatpeMar LINDGREN and 
Crype P. Ross, Trans. Am. Inst. Min, Eng., Oct. 15, 1915, pp. 217I- 
2190. 5 figures. 

Describes briefly the geologic features of the district and brings 
forward evidence to show that the deposits are replacements of blocks 
of limestone engulfed in diorite. The deposits were originally of 
magnetite associated with garnet and pyrite, but now are partly altered 
to hematite. Photomicrographs of the ore are shown. 


MERCURY. 


Quicksilver Deposits of the Mazatzal Range, Arizona. By F. L. Ran- 
some. U.S. Geol. Survey Bulletin 620-F. 

Cinnabar occurs in lodes conforming in general to the lamination of 
pre-Cambrian schists. The lodes consist of veinlets, films, and specks 
of cinnabar and have as a rule no definite walls. Although the indi- 
vidual veinlets are not large nor persistent, some lodes are traceable 
for three miles or more. The deposits are probably connected in 
origin with Tertiary eruptive rocks. Though the lodes are not yet 
sufficiently prospected certain features promise well for future ex- 
ploitation. 

The geology of the region and the history of development are de- 
scribed. 
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NON-METALLIFEROUS. 
FUEL. 


Petroleum and Natural Gas Resources of Canada, No. 291. Vol. I. 
Mines Branch, Dept. of Mines, Canada. 279 pages, 1914. 
Deals with the history, geology, occurrence, technology, and ex- 
pioitation. 


Correlation and Geologic Structure of the Alberta Oil Fields. By D. B. 
DowtinG. Bull. Am. Inst. of Min. Eng. June, 1915, pp. 1350-1364. 
Oil, Gas and Water Content of Dakota Sand in Canada and United States. 
By L. G. Huntrey. Bull., Am. Inst. Mining Eng., June, 1915, pp. 

1333-1349. 

The age, nature, and extent in Canada of the sand are discussed. 
Maps and cross sections are shown and analyses given. While it is 
concluded that in general the Dakota sand is not a prospect of the first 
class, specific exceptions are noted and,commented upon. 


COAL. 


On the Geology and Coal Resources of Korea State, Central Provinces. 
By L. LeicH Frermor. Memoirs of the Geol. Survey of India, Vol. 
XLI., Pt. 2, Calcutta, pp. 148-245. Plates 21-31 incl. 

An account of a reconnaissance of an undeveloped coal field. The 
following geologic formations are represented in the State: 


1. Deccan trop (Intrusive). 
2. Gondwana. 

a, Supra Barakars. 

b. Barakars. 

c. Talchirs. 
3. Archean. 


The coal seams are sufficiently thick and of such quality that a care- 
ful investigation is deserved. 
Analyses and sections are given. 


Coal Fields and Coal Resources of Canada. By D. B. Dowttnc. Canada 
Geol. Survey Mem. 59, pages 174, 1915. 
Is reprinted, with some additions, from “The Coal Resources of 
the World.” 


The Coal Fields of Kittitas County, Washington. By Epwin J. Saun- 
DERS. Washington Geol. Survey, Bull. 9, 1914. 


pee 
? 
fe 
ir 
of 
on 
the i 
ed. 
de- 
ur., 
: 
: 


7 688 RECENT LITERATURE ON ECONOMIC GEOLOGY. 


POTASH AND NITRATE. Po 


Nitrate Deposits in Southern Idaho and Eastern Oregon. By G. R. 
MawsFiELp. U. S. Geol. Survey Bulletin 620-B. 

The nitrate (sodium and potassium nitrate) deposits occur in vein- 
lets in rhyolite lavas exposed in small caves and along canyon walls 
concentrated probably by evaporation of percolating water. The de- 
posits are probably not of economic use ai this time. Their mode of 


origin, whether derived from organic remains or by reactions con- Co 

nected with gases occluded in the rhyolite is discussed. A definite 

conclusion is not reached. 
: The character and uses of nitrates in general are briefly described. 
ag Potash in Certain Copper and Gold Ores. Compiled by B. S. Butter, 
: with a note on Muscovite by Georce STEIGER. U. S. Geol. Survey 

Bull. 620-J, 1915. 

J, 1915 Th 


The recovery of potassium from silicates has received much atten- 
tion in recent years but no commercially successful method has yet 
been put into operation. A large and cheap supply of material is Li 
available in the tailings from the treatment of western copper ores. 
Portions of analyses of copper ores, showing the potash content are 
brought together and the amount of available and treated ore in the 
several deposits stated. Th 

The results of some experimental work done on muscovite and ( 
leucite by Clarke and Steiger are presented. Muscovite mixed with 
ammonium chloride and fused may be leached with hot water, and 

soluble potassium salts extracted. Other details are given. 


Potash in the Texan Permian. By J. A. Uppen, Univ. of Texas Bull. 17, @ ; 
Pp. 59, 1915. 
A potassium-bearing mineral, possibly carnallite, has been discovered 
: in deep well borings. Ge 


; Potash Salts, 1914. By W. C. Puaten. U. S. Geol. Survey Advance 
Chapter Mineral Resources of the United States, Calendar year 1914, 
PP. 9-33, T1915. 
Gives statistics of the consumption of potash salts in the United 
States and summary of the progress of investigations for domestic 
sources of potash. 


Sales Potasicas en Cataluna. By Cesar Rusio and Acustin Martin. 
Bol. Inst. Geol. de Espana, Vol. 14, 2d ser., pp. 173-230, 1914. 1 
The geology of the potash deposits in Catalonia, Spain, is given in 
detail. The primary deposits were laid down toward the close of the Mi 
Eocene and the beginning of the Oligocene. Zones of enrichment 
occur in connection with the anticlines of the region. 
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Potassium Salts; An Economic Geological Study. By E. Mackay 
Heriot. Eng. & Min. Jour., Oct. 23, 30, 1915, with maps and cross 
sections. 

The occurrence of the great deposits of potash is discussed together 
with the probability of the discovery in other countries. 


CORUNDUM. 


Corundum, its Occurrence, Distribution, Exploitation, and Uses. By A. 
E. Bartow. Canada Geol. Survey Mem. 57, page 377, 1915. 
Is of monographic scope and character. The geology and petrology 
of the nepheline syenites with which the corundum is directly associ- 
ated are given in considerable detail. 


CLAY AND ROAD MATERIAL. 


The Clays of Eastern Colorado. By G. Montacue Butter. Colorado 
Geol. Survey Bull. 8, p. 345, 1915. 


Limestone Road Materials of Wisconsin.’ By W. O. Hotcuxiss and 
Epwarp STEIDTMANN. Wisconsin Geol. Nat. History Survey, Bull. 
34, P- 137, 1914. 

WATER. 

The Artesian Wells of Montreal. By C. L. Cumminc. Memoire 72, 

Canada Dept. of Mines. 


REGIONAL AND STATISTICAL. 


Quinquennial Review of the Mineral Production of India. By Sir 
Tuomas H. and L. Fermor. Records of the Geo- 
logical Survey of India, Vol. XL. 


Geology and Mineral Resources of Kenai Peninsula. By G. C. Martin, 
B. L. Jounson, and U. S. Grant. 

Kenai Peninsula contains auriferous lode-bearing areas of some 
promise. Auriferous gravels are widely distributed in the northeast- 
ern part of the Peninsula and have been mined for twenty years. The 
future of the placer mining in the Peninsula depends on the exploita- 
tion of many large bodies of gravel carrying values too low to per- 
mit development by the simple methods thus far chiefly used. 

There are large deposits of lignitic coal, now almost entirely un- 
used, on the Cook Inlet side of the peninsula. 

A summary of the geography, geology, and mineral resources. 


Mineral Resources of Alaska. By Atrrep H. Brooks and others. Re- 
port of Progress in 1914, U. S. Geol. Survey Bulletin 622. 
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Contains sixteen papers describing the geology and mineral re- 
sources of various districts in Alaska. 


The Mineral Resources of New Mexico. By Fayette A. Jones. Bull. 1, 
State School of Mines, Mineral Res. Survey of New Mexico, Socorro, 
N. M. 


The Mining and Quarry Industry of New York State. By D. H. New- 
LAND. New York State Museum Bull. 178. 
Report of operations and production. 
Mineral Resources of the Philippine Islands, for the year 1914. Manila, 
IQI5. 
THEORETICAL. 


What the Dip Needle Can and Cannot Do. By C. A. Cueney. Eng. & 
Min. Jour., July 31, 1915, p. 193. 
A series of questions and answers covering the conclusions to be 
deduced from dip needle indications. 


Die nutzbaren Radiumvorrate des Erde. By W. PEtTRASCHECK. Ver- 
handl. k. k. geol. Reichsanstalt, Wien, 1915, No. 2, pp. 47-66. 
A useful summary of the radium resources of the world, together 
with production statistics. 
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SCIENTIFIC NOTES AND NEWS 


A CONVENTION will meet in Washington, D. C., on December 
16 to act on recommendations regarding a general revision of 
the Federal Mining Laws. Some of the resolutions that will 
come before the convention will recommend the fixing of a reas- 
onable term of years beyond which placer claims shall be immune 
from attack on the ground of fraud, full privilege of appeal in all 
cases of contests over locations, recording of notices of mining 
locations so as to insure public notice, the abolishment of the law 
of the apex, etc. ' 


RavtpH ARNOLD has just returned from a short trip to South 
America. 


THE GEOLOGICAL Society of America will hold its twenty- 
eighth annual meeting, December 28-30, in Washington, D. C. 
The address of the retiring president, Professor Arthur P. Cole- 
man, will be delivered the evening of the twenty-ninth in the lec- 
ture hall of the Cosmos Club. His subject will be “ Dry Land in 
Geology.” 


J. E. Spurr has just returned from a short trip to Canada. 


Louts CopErrE, the Canadian Secretary of State, and head of 
the Department of Mines has resigned to accept a judgeship. He 
is succeeded by Pierre Blondin, formerly Minister of Inland 
Revenue. 


Van H. MANNING, director of the U. S. Bureau of Mines, has 
been in Tucson Arizona recently in regard to the possible location 
of a mining experiment station in that city. 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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692 SCIENTIFIC NOTES AND NEWS. 


R. C. ALLEN, state geologist of Michigan, has been in Mar- 
quette and the vicinity gathering information for a description of 
the country from the Iron River region to the state line. 


Proressor HeEtnricH ReIs, of the department of geology at 
Columbia University, is giving a course of ten lectures on eco- 
nomic geology at Columbia University in the absence of Professor 
J. F. Kemp, who is away on leave. 


A GRANITE BOULDER has been placed on the campus of Cornell 
University as a memorial of the late Ralph Stockman Tarr, prof- 
essor of geology from 1892 to 1912. 


James CoLe Roserts, of the United States Bureau of Mines, 
Denver, has been appointed to the Joseph Auntin Holmes profes- 
sorship of safety and efficiency engineering in the Colorado State 
School of Mines. 


FRANK H. Prosert is in Virginia City, Nevada, making an ex- 
amination of the old Comstock Lode. From there he goes to the 
Bingham and Park City districts. 


G. M. ButLer and G. J. Mitchell, of the Department of Geology 
of the University of Oregon, have completed an investigation of 
the mineral resources and geology of Curry County, Oregon, the 
southern portion of which has not hitherto been visited by geolo- 
gists. The results of this work will be published shortly. Mr. 
Butler is now dean of the College of Mines and Engineering in 
the University of Arizona at Tucson. 


E. M. Hamirton, F, A. Beauchamp and S. E. Woodworth 
have become associated as metallurgical engineers with offices 
and testing laboratory in San Francisco. 


Mr. Benj. F. Trippy has just opened a petrographic laboratory 
in Salt Lake City, where he is prepared to make rock determina- 
tions, microphotographs of thin sections and do all other kinds 
of petrographic work. 


Dr. Ray LyMAN WILBUR, professor of Medicine, has been 
elected president of Leland Stanford Junior University. He will 
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succeed Dr. John Casper Branner, who undertook to accept the 
presidency for a limited period on the retirement of Dr. David 
Starr Jordan. Dr. Branner will retire on a Carnegie pension. 
He will be occupied in a revision of his elementary geology text 
book written in Portuguese, the language of Brazil, for students 
in that country. 


Dr. GreorcE F. Kunz, retiring president of the New York 
Academy of Sciences, will deliver an address at the annual dinner 
of the Academy entitled “ Precious Stone Minerals; Their Arche- 
ology and Mineralogy.” It is also expected that there will be 
an exhibition of 1,300 feet of motion picture reels on the “ Dia- 
mond Mines in South Africa.” 


Dr. J. A. UppEN, geologist of the Bureau of Economic Geology 
University of Texas has been appointed Director of the Bureau 
to succeed Dr. Wm. B. Phillips, who résigned to become president 
of the Colorado School of Mines. 


Proressor HErnricu Rites, of Cornell University, is delivering 
a series of lectures at Columbia on “ Clay, Building Stones, Salt, 
Gypsum, Phosphates, Asbestos, Barite, and Sulphur and Pyrite.” 
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